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CHAPTER 1 
"
"
THERAPEUTIC POTENTIAL OF INOSITOL PHOSPHATASE MODULATORS 
"
"
Introduction 
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%8" ),(.(" ./-$*6/$-" :*),=*5." :,%.:,*)/'56" /$%./)%6." ,*0(" 7(+%1(" &(+%-$/?('" *." 4(5"
:*&)/+/:*$).;" <,%.:,%/$%./)/'(." @<#<$A" *&(" 1/$%&" :,%.:,%6/:/'" +%1:%$($)." %8" ),(" +(66"
1(17&*$(." /$" (34*&5%)/+" +(66.;" >,(" :*))(&$" %8" :,%.:,%&56*)/%$" :&(.($)" %$" ),(" /$%./)%6"
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4/$*.(." *$'" :,%.:,*)*.(." 4$%=$" )%"1()*7%6/?(" <#<." '(1%$.)&*)(." ),(/&" ./-$/8/+*$+(" /$"
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/1:%&)*$)" &%6(" /$" *" 0*.)" *&&*5" %8" +(6636*&" 83$+)/%$." /$+63'/$-" 1/)%-($(./.2" 0(./+6("
)&*88/+4/$-2" .(+&()/%$2" 1%)/6/)52" *',(&($+(2" *$'" '(*),;!" >,(.(" /$%./)%6B+%$)*/$/$-"
:,%.:,%6/:/'."*6.%"1*$/8(.)"+(6636*&"(88(+)."75"*+)/$-"*."/1:%&)*$)".(+%$'*&5"1(..($-(&."
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+%$./.)." %8" *::&%9/1*)(65" !DK" *1/$%" *+/'.2" %++3&." /$" :&%)(/$." ),*)" *&(" /$0%60('" /$"
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Figure 1–1.  V%'/8/+*)/%$"%8"/$%./)%6."1('/*)('"75"<#EF2"<>WX2"LI#<"*$'"#X<<G;"
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" <#BE2G2HB<E" 6(0(6." *&(" *6.%" -%0(&$('" 75" /)." '(-&*'*)/%$" 75" ),(" /$%./)%6"
:,%.:,*)*.(."<>WX"@:,%.:,*)*.("*$'")($./$",%1%6%-":&%)(/$A"*$'"LI#<"@.&+",%1%6%-5"D"
@LIDA" B" +%$)*/$/$-" /$%./)%6" HUB:,%.:,*)*.(A;YBZ" N6),%3-," <>WX" *$'" ),(" LI#<" 7%),"
$(-*)/0(65"&(-36*)("),("<#EF":*),=*52"),(5"'%".%"/$"'/88(&($)"=*5.;"<>WX"+%$0(&)."<#B
E2G2HB<E" 1.2" )%" <#BG2HB<D" 1.1" =,/6(" ),(" LI#<" /.%8%&1." +%$0(&)" <#BE2G2HB<E" 1.2" )%"
:,%.:,*)/'56/$%./)%6BE2GB7/.:,%.:,*)("1.3" @<#BE2GB<DA;@Figure 1–1AY"M5"'(+&(*./$-" ),("
+(6636*&" +%$+($)&*)/%$" %8" <#BE2G2HB<E" 1.22" <>WX" *$'" LI#<" +*$" +%$)&%6" 1*$5" %8" ),("
:*),=*5U."'%=$.)&(*1"(88(+)%&"+*.+*'(.;"
" <>WX" /."*"GKE"*1/$%"*+/'":&%)(/$" 6%+*)('"%$" ),(",31*$"+,&%1%.%1("!KJDE2"*"
&(-/%$" ),*)" /." %8)($" '(6()('" /$" 1*$5" 1*6/-$*$)" )31%&.;YBZ" >,(" ($?51(U." XB)(&1/$3."
G"
"
+%$)*/$." *" EB:,%.:,*)*.(" +*)*65)/+" '%1*/$" ),*)" /." '/&(+)65" *'C*+($)" )%" *" TD" '%1*/$;Y"
<>WX"/.":&/1*&/65"4$%=$"*."*")31%&".3::&(..%&"-($("*."<>WX"13)*)/%$."%&"'(6()/%$."*&("
8%3$'" /$" *" ,/-," :(&+($)*-(" %8" *" =/'(" 0*&/()5" %8" 7%)," ,(&('/)*&5" *$'" $%$B,(&('/)*&5"
,31*$" +*$+(&.;[" <>WX" ,()(&%?5-%3." 13)*)/%$." ,*0(" 7(($" *..%+/*)('" =/)," T%='($"
'/.(*.(2Y" ($'%1()&/*6" +*$+(&2" 1*6/-$*$)" 1(6*$%1*.2Z" -6/%76*.)%1*.2" :&%.)*)(" +*$+(&2"
7&(*.)"+*$+(&2"*$'">B+(66"*$'"MB+(66"651:,%1*.;["<>WX"/."*+)3*665"$%="4$%=$"*."%$("%8"
),("1%.)"+%11%$65"13)*)('"-($(."/$",31*$"+*$+(&;Z"<>WX"83$+)/%$."*."*$"/$%./)%6"6/:/'"
:,%.:,*)*.(P" ,%=(0(&2" /)" *6.%" 83$+)/%$." *." *" .:(+/8/+" :&%)(/$" :,%.:,*)*.(;"O(.:/)(" ),/."
'3*6" 83$+)/%$*6/)52" /)." &%6(" *." *$" /$%./)%6" 6/:/'" :,%.:,*)*.(" /." +&3+/*6" 8%&" /)." )31%&"
.3::&(../$-"*+)/0/)5;"M5",5'&%65?/$-"<#BE2G2HB<E"1.2" )%"<#BG2HB<D"1.12"<>WX"*+)." *." *"
-*)(4((:(&2" 4((:/$-" N4)" 8&%1" 7(+%1/$-" ,5:(&*+)/0*)(';\" I5:(&*+)/0*)/%$" %8" N4)"
:&(0($)."+(66."8&%1"&(.:%$'/$-")%"),(/&"$%&1*6"*:%:)%)/+".)/136/;"N."*"&(.36)2"+(66."'%"$%)"
3$'(&-%" *:%:)%./." =,($" ),(5" $%&1*665" .,%36'" *$'" .3&0/0(" 13+," 6%$-(&" ),*$" $%&1*62"
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Inositol Phosphatase Inhibition in the Treatment of Disease 
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($?51*)/+" .37.)&*)(2"<#BE2G2HB<E"1.3;Y" L*.*%4*" *$'" +%B=%&4(&." +6%$('"LI#<D" 8&%1" &*)"
.4(6()*6"13.+6(" *$'" %0(&(9:&(..('" ),(" ($?51(" /$" R*)!" 8/7&%76*.)." =/)," ,31*$" /$.36/$"
&(+(:)%&.;">,/."*7$%&1*665"/$+&(*.('"*+)/0*)/%$"%8"LI#<D"/$,/7/)('"),("*..%+/*)/%$"%8"L,+"
=/),"-&%=),"8*+)%&"&(+(:)%&B7%3$'":&%)(/$"D"@Q&7DA2"*"$%&1*6"%++3&&($+("*8)(&"),("/$.36/$"
&(+(:)%&" /." `:,%.;" #$" *''/)/%$2" %0(&(9:&(../%$" %8" LI#<D" '(+&(*.('" ),(" *+)/0*)/%$" %8"
/$.36/$B.)/136*)('" 1/)%-($" *+)/0*)('" :&%)(/$" @VN<A" 4/$*.(2" /$,/7/)('" /$.36/$B/$'3+('"
N4)" *+)/0*)/%$2" *$'" '(+&(*.('" /$.36/$B.)/136*)('" ),51/'/$(" /$+%&:%&*)/%$;" >,(.("
!["
"
+%17/$('"&(.36)."/$'/+*)("),*)"LI#<D"1*5":6*5"*"+&/)/+*6"&%6("/$"),("$(-*)/0("&(-36*)/%$"%8"
/$.36/$"./-$*6/$-"*$'"),(&(8%&("/$0%60('"/$"'/*7()(.;YZ"
L+,3&1*$." *$'" +%B=%&4(&." '(1%$.)&*)('" 83&),(&" (0/'($+(" %8" LI#<DU." &%6(" /$"
/$.36/$" ./-$*6/$-" 75" -($(&*)/$-"LI#<D"4$%+4%3)"1/+(" *$'" *'36)"1/+(" ,()(&%?5-%3." 8%&"
),(" LI#<D" 13)*)/%$;" LI#<D" '(8/+/($)" 1/+(" :%&)&*5('" *" 1()*7%6/+" .)*)(" =/)," *$"
*7$%&1*665" /$+&(*.('" .($./)/0/)5" )%" /$.36/$;" >,(.(" 1/+(" (9,/7/)('" .(0(&(" $(%$*)*6"
,5:%-65+(1/*2" '(+&(*.('" (9:&(../%$" %8" ),(" -($(." /$0%60('" /$" -63+%$(%-($(./.2" *$'"
:(&/$*)*6"'(*),;">,(",()(&%?5-%3."13)*)('"LI#<D"*'36)"1/+("*6.%" .,%=('"*$" /$+&(*.('"
.($./)/0/)5" )%" /$.36/$" *."=(66" *." *" ,/-,(&" )%6(&*$+(" 8%&" -63+%.(;" >,(.("1/+(" .,%=('" *$"
%0(&(9:&(../%$" %8" -63+%.(" )&*$.:%&)(&" )5:(" G" @QaS>GA" *$'" *$" /$+&(*.(" /$" -65+%-($"
.5$),(./." /$" .4(6()*6"13.+6(.;HY" >,(.(" &(.36)." +6(*&65" '(1%$.)&*)(" ),*)" LI#<D" *+)." *." *"
$(-*)/0("&(-36*)%&"%8"/$.36/$"./-$*6/$-;""
O5.83$+)/%$*6" /$.36/$"./-$*6/$-"%8)($" 6(*'." )%"'/*7()(."1(66/)3.;">5:("D"'/*7()(."
+%$)/$3(." )%" 7(" *" -&%=/$-" -6%7*6" ,(*6)," /..3(;" N." *" &(.36)2" +%1:%$($)." %8" ),(" /$.36/$"
./-$*6/$-":*),=*52"/$+63'/$-"LI#<D2"*&("7(+%1/$-"/1:%&)*$)")*&-()."8%&"),("'/.+%0(&5"%8"
$(="),(&*:(3)/+"*-($).;Y["I%=(0(&2"'/*7()(."/."$%)"),("%$65"&(*.%$"8%&"(9:6%&/$-"LI#<D"
*."*":,*&1*+%6%-/+*6")*&-();"#$"*''/)/%$")%"/$.36/$"&(-36*)/%$2"LI#<D"*6.%"/$,/7/)."+(6636*&"
&(.:%$.(.")%"(:/'(&1*6"-&%=),"8*+)%&"@WQdA"*$'":6*)(6()B'(&/0('"-&%=),"8*+)%&.;Y\">,(.("
*''/)/%$*6"&%6(."/$+&(*.("LI#<DU."*))&*+)/%$"8%&"),(":,*&1*+%6%-/+*6"/$'3.)&5;"
"
Bone Marrow Transplantation 
"
O3(")%"*$"/$+&(*.('"(9:&(../%$"%8"a5G\N"*$'"a5G\T"&(+(:)%&.2"LI#<!"4$%+4%3)"
1/+(" *&(" *76(" )%" *++(:)" *66%-($(/+" 7%$(" 1*&&%=" -&*8)." 7(+*3.(" ),(5" '%" $%)" '(0(6%:"
Q0IO;" #$" +%$)&*.)2" 6(.." ),*$" ,*68" ),(" =/6'" )5:(" 1/+(" -/0($" *66%-($(/+" 7%$(" 1*&&%="
!\"
"
)&*$.:6*$).".3&0/0(;">,("1*C%&"+*3.("%8"'(*),"/$"),(.("1/+("=*."Q0IO;">,("/$+&(*.("/$"
a5G\N"*$'"a5G\T"&(+(:)%&." /.":%.)36*)('")%"'/1/$/.,"),("+*:*+/)5"%8" ),("XF":%%6"*."*"
=,%6(")%".(+&()("/$86*11*)%&5"+5)%4/$(.".3+,"*."#XdB "*$'">Xd "/$"&(.:%$.(")%"VIT"
+6*.."#"6/-*$'."(9,/7/)('"75"),("*66%-($(/+"MV"+(66.;"N."*"&(.36)2"),/."-&(*)65"&('3+(."),("
*7/6/)5"%8" ),("'%$%&">"+(66." )%"1*$/8(.)"*"Q0IO"&(*+)/%$;"#$)&/-3/$-652"LI#<!B'(8/+/($)"
1/+("'%"&(C(+)"VIT"+6*.."#"'(8/+/($)"MV2",%=(0(&"),/."/1:6/(."),*)"),("XF"+%1:%$($)"
%8" ),(" /113$(" .5.)(1" /." $%)" +%1:6()(65" +%1:&%1/.('" =/)," LI#<!B'(8/+/($+5;HG"
>,(&(8%&(2"LI#<!"*$)*-%$/.)."+*$"7("3)/6/?('")%".(6(+)/0(65"/1:*/&"),("XF":%%6"83$+)/%$"
/$"%&'(&")%"6/1/)"),("/$/)/*)/%$"*$'".(0(&/)5"%8"Q0IO;">,/."1*5",(6:"($.3&("),*)"*66%-($(/+"
7%$("1*&&%=")&*$.:6*$).".3++((';""
LI#<!"'(8/+/($+5"*6.%" &(.36)." /$"XF"+(66." ),*)"%0(&(9:&(.."$%)"%$65"a5G\N"*$'"
a5G\T" 73)" *6.%" ),(" VITB/$'(:($'($)" /$,/7/)%&5" &(+(:)%&2" DMG;" XFQDO" ,*." 7(($"
(.)*76/.,('"*."*"4(5":6*5(&"/$"),("*7/6/)5"%8"1/+(")%"*+3)(65"&(C(+)"1/.1*)+,('"MV"-&*8).;"
W9:%.3&("%8"*"XFQDO"&(+(:)%&")%"*"VIT"+6*.."#"6/-*$'"%$"*66%-($(/+"7%$("1*&&%="+(66."
&(.36)." /$" ),("*+)/0*)/%$"%8" ),("XF"+(662"=,/+," ),($":&%+(('." )%"4/66" ),("'%$%&"MV"+(66;"
>,/."1*$/8(.)*)/%$"%8"Q0IO"36)/1*)(65"6(*'.")%"),("&(C(+)/%$"%8"),("*66%-($(/+"MV"-&*8)"
*$'" /$" 1*$5" +*.(.2" '(*),;" I%=(0(&2" LI#<! e " 1/+(" '%" $%)" (9,/7/)" Q0IO" *$'"
+%$.(J3($)65" '%" $%)" &(C(+)" 136)/:6(" 4/$'." %8" 1/.1*)+,('" 7%$(" 1*&&%=" -&*8).;" >,("
*++(:)*$+(" %8" 1/.1*)+,('"VIT" 7%$("1*&&%=" -&*8)." /$" LI#<!" 4$%+4%3)" 1/+(" &(.36)."
8&%1" ),(" &('3+('" +5)%)%9/+" 83$+)/%$" %8" ),(" XF" +%1:*&)1($);" L/$+(" LI#<!" '(8/+/($+5"
6(*'." )%" &('3+('" XFQDOB1('/*)('" 4/66/$-2" LI#<!" '(8/+/($+5" *6.%" 6(*'." )%" &('3+('"
XFQDO"+5)%65./."%8"*66%-($(/+"MV"+(66.;"LI#<!"+6(*&65"*+)." )%"$(-*)/0(65"+%$)&%6"DMG"
(9:&(../%$".%"),*)"/)"'%(."$%)",*$'/+*:"),("*7/6/)5"%8"*+)/0*)/$-"&(+(:)%&.")%"(88(+)"$%&1*6"
DK"
"
XF" +5)%)%9/+/)5;ZK" >,(&(8%&(2" 75" /$'3+/$-" XF" +(66" ,5:%&(.:%$./0($(..2" (.:(+/*665" )%"
1/.1*)+,('"MV"-&*8).2"LI#<!"*$)*-%$/.)."1*5":6*5"*"+&3+/*6" &%6(" /$" ),("*66(0/*)/%$"%8"
Q0IO"*$'"),("($.3&('".3++(.."%8"*66%-($(/+"7%$("1*&&%=")&*$.:6*$)*)/%$.;"
d3&),(&1%&(2" *" LI#<!" *$)*-%$/.)" 1*5" *6.%" ,(6:" *7&%-*)(" +6/$/+*6" Q0IO" 75"
/$+&(*./$-"),(":%:36*)/%$"%8"15(6%/'".3::&(..%&"+(66.;"V5(6%/'".3::&(..%&"+(66."@V5LT.A"
-*),(&" /$" 651:,%/'"%&-*$."=,(&("*$" /$)($.(" /113$(" &(.:%$.(" /."*+)/0*)(';"b$+(" ),(&(2"
V5LT."),($"/$,/7/)"),("83$+)/%$."%8"7%),"M"*$'">"+(66.;"LI#<!B'(8/+/($)"1/+("'/.:6*5"*"
V5LT":%%6" /$" ),(" 651:,"$%'("*$'".:6(($" ),*)" /."!KBDK" )/1(."-&(*)(&" ),*$" ),*)"%8"=/6'"
)5:(;"#$"*''/)/%$2"LI#<! e ".:6($%+5)(."*$'"651:,"$%'("@aXA"+(66."(9,/7/)"*":&%8%3$'65"
&('3+('"*7/6/)5" )%":&/1("*66%-($(/+">"+(66" &(.:%$.(.2" .3+,"*.":&%6/8(&*)/%$"*$'"+5)%4/$("
.(+&()/%$;" >,/." &('3+('" *7/6/)5" )%" /$/)/*)(" *66%-($(/+" >" +(66" &(.:%$.(." /." $%)" '3(" )%"
'(+&(*.('" N<T" 83$+)/%$" $%&" '(+&(*.('" N<T" $317(&" 7(+*3.(" LI#<! e " 1/+(" '%" $%)"
'/.:6*5"%),(&"'(8(+)."/$"*'*:)/0("/113$("&(.:%$.(.;"d%&"(9*1:6(2"LI#<!B'(8/+/($)"N<T."
+*$" .)/66" :&/1(" *$)/-($B.:(+/8/+" :&%6/8(&*)/%$" *$'" '/88(&($)/*)/%$" %8" $*/0(" >" +(66." /$)%"
,(6:(&"*$'"+5)%)%9/+">"+(66.;">,/."8/$'/$-"/1:6/+*)(."*$"(9)(&$*6".%3&+("8%&"),/."&('3+('"
:&/1/$-"%8"*66%-($(/+">"+(66"&(.:%$.(.;Y\"
>,(" '&*1*)/+*665"=(*4($('" *66%-($(/+">" +(66" &(.:%$.(" /$"LI#<!B'(8/+/($)"1/+("
-&(*)65"+%$)&/73)(.")%"),("*7/6/)5"%8"),(.("1/+(")%"*7&%-*)("Q0IO2"=,/+,",(*0/65"'(:($'."
%$" ),(" *+)/0/)5" %8" '%$%&" >B651:,%+5)(.;" X%&1*6652" '%$%&" >" +(66." *&(" *+)/0*)('" 3:%$"
(9:%.3&(" )%" ,%.)"N<T." (9:&(../$-"VIT" *$)/-($.;Z!" b$+(" *+)/0*)('2" ),(" '%$%&" >" +(66."
),($"/$/)/*)("*".(&/(."%8"(0($)."=,/+,"6(*'.")%"),("'(*),"%8",%.)"+(66.2"=,/+,"+3136*)/0(65"
),($"-/0(."&/.(")%"Q0IO;"LI#<!"'(8/+/($+52",%=(0(&2":&(0($)."),/."+,*/$"%8"(0($)."8&%1"
%++3&&/$-;"#$"8*+)2"/$'3+)/%$"%8"LI#<!"'(8/+/($+5"/$"*'36)"1/+(":&(0($)."*+3)("*$'"6(),*6"
D!"
"
Q0IO"*8)(&"*">"+(66B&(:6()(2"VITB1/.1*)+,('"MV")&*$.:6*$);"N."*"&(.36)2" ),(.("1/+("
*++(:)" /$.)(*'" %8" &(C(+)/$-" *66%-($(/+" MV" -&*8).;" N8)(&" VITB1/.1*)+,('" MV"
)&*$.:6*$)*)/%$2"LI#<!"4$%+4%3)"1/+("(9,/7/)"*"\Gc".3&0/0*6"&*)("=,/6(" ),(/&"=/6'" )5:("
+%3$)(&:*&)." (9,/7/)" %$65" *" HZc" .3&0/0*6" &*)(;G\" >,(.(" 8/$'/$-." .3--(.)" ),*)" LI#<!"
*$)*-%$/.).2" 75" &('3+/$-" *66%-($(/+" >" +(66" &(.:%$.(.2" +*$" :6*5" *" :%=(&836" &%6(" /$" ),("
:&(0($)/%$"%8"Q0IO"/$"%&-*$")&*$.:6*$)":&%+('3&(.;"
LI#<!"*$)*-%$/.)."'/.:6*5"(9)($./0("),(&*:(3)/+":%)($)/*6"/$"*0(&)/$-"Q0IO;">,/."
*1(6/%&*)/0("(88(+)",*."*":&%8%3$'"./-$/8/+*$+("/$"%&-*$")&*$.:6*$).2"(.:(+/*665"),*)"%8"),("
7%$(" 1*&&%=;" M%$(" 1*&&%=" )&*$.:6*$)*)/%$" +%$.)/)3)(." *" 1*C%&" )&(*)1($)" %:)/%$" 8%&"
0*&/%3."+*$+(&."*$'"-($()/+"'/.%&'(&.;Z!"S$8%&)3$*)(652" .(&/%3."+%1:6/+*)/%$."(9/.)"=/),"
7%$(" 1*&&%=" )&*$.:6*$)." '3(" )%" ),(" ,/-," &/.4" %8" 6(),*6" Q0IO;"V*$5" *66%-($(/+" 7%$("
1*&&%=" )&*$.:6*$)." *&(" %8)($" &(C(+)('" 75" ),(" ,%.)2" =,/+," +*$" 36)/1*)(65" 6(*'" )%" '(*),"
'(:($'/$-" %$" ),(" .(0(&/)5" %8" Q0IO;" V%&(%0(&2" .%6/'" %&-*$" )&*$.:6*$)." *&(" *6.%" *$"
/1:%&)*$)" +3&*)/0(" %:)/%$" 8%&" 1*$5" )5:(." %8" +*$+(&;" M3)2" C3.)" 6/4(" 7%$(" 1*&&%="
)&*$.:6*$)*)/%$2" Q0IO" :%.(." *" 1*C%&" %7.)*+6(" )%" ),(" .3++(.." %8" %&-*$" )&*$.:6*$)"
)&(*)1($).;">,(&(8%&(2"75"/$,/7/)/$-"),("%++3&&($+("%8"Q0IO2"LI#<!"*$)*-%$/.).".(&0("*."
(9)&(1(65" )/)/66*)/$-" ),(&*:(3)/+" )*&-()." 7(+*3.(" ),(5" %:($" 3:" $(=" :%../7/6/)/(." /$" ),("
+%$)/$3%3.65"'(0(6%:/$-"8/(6'"%8"%&-*$")&*$.:6*$)."*$'"($-&*8)1($).;"
"
Crohn's disease 
 
LI#<!" 4$%+4%3)" 1/+(" '(0(6%:" *" .(0(&(" /$86*11*)%&5" '/.(*.(" /$" ),(/&" .1*66"
/$)(.)/$(;" >,/." '/.(*.(" +6%.(65" &(.(176(." ,31*$"T&%,$U."O/.(*.(" @TOA;"R(+($)" .)3'/(."
/$'/+*)(" ),*)" ),/." /$86*11*)%&5"'/.(*.("'%(."$%)" &(.36)" 8&%1"*$"*3)%/113$("*))*+42"73)"
&*),(&"8&%1"*"6*+4"%8"*".:(+/8/+"/113$("+(66")5:("/$"),(".1*66"/$)(.)/$("+*66('">"+(66.;ZD"N"
DD"
"
:&%8%3$'"'(8/+/)"/$"7%),"TOG"*$'"TO[">"+(66."/$"),(".1*66"/$)(.)/$("=,(&("'/.(*.("%++3&."
=*."*6.%"%7.(&0('2".3--(.)/$-"*"positive"&%6("8%&"LI#<!"/$":&%1%)/$-")&*88/+4/$-"*$'e%&"
:(&./.)($+("%8">"+(66."*)"13+%.*6"./)(.;">,3.2"LI#<!"+%36'":%)($)/*665"*6.%"7("*"-($()/+"
'()(&1/$*$)"%8".3.+(:)/7/6/)5")%"TO"/$",31*$.;"T%$./.)($)"=/),"),/.",5:%),(./."),(&("*&("
./$-6(B$3+6(%)/'(":%651%&:,/.1."@LX<.A"8%3$'"*)"DJEZ"/$"),(",31*$"-($%1("=,(&("),("
,31*$" LI#<!e#X<<HO" -($(" /." 6%+*)('" ),*)" *&(" ,/-,65" ($&/+,('" /$" TO" *$'" 36+(&*)/0("
+%6/)/." :*)/($).;ZE" L)3'/(." *&(" +%$)/$3/$-2" 73)" ),(.(" &(.36)." 1*5" ,*0(" /1:%&)*$)"
/1:6/+*)/%$."8%&":*)/($)."=/),"*66" 8%&1."%8" /$86*11*)%&5"7%=(6"'/.(*.("@#MOA;"]/)," ),("
'(0(6%:1($)"%8".1*66"1%6(+36("LI#<"1%'36*)%&.2".)3'/(.")%"'()(&1/$("),("&%6("%8"LI#<"
/$"TO".((1")%"7("*":&/1("*&(*"%8"&(.(*&+,;"
"
Cystic Fibrosis 
 
" " R(+($)65" =%&4" 75" M/=*.ZG" .,%=('" ),*)" LI#<!" 1*5" :6*5" *$" /1:%&)*$)" &%6(" /$"
+5.)/+"8/7&%./."@TdA;"LI#<!"4$%+4%3)"1/+("'(0(6%:"*"./-$/8/+*$)"$(3)&%:,/6"/$8/6)&*)/%$"/$"
),(" 63$-.2" ./1/6*&" )%" ),(" 1*../0(" :&%/$86*11*)%&5" :,($%)5:(" /$" ),(" 63$-" %7.(&0('" /$"
+5.)/+" 8/7&%./." :*)/($).;" >,/." 63$-" :*),%6%-5" ,*." 7(($" )&*+('" )%" ),(" %0(&(9:&(../%$" %8"
:&%/$86*11*)%&5" -($(." 6/4(" #aB[2" =,/+," *&(" &(-36*)('" 75" :%.))&*$.+&/:)/%$*6"
1(+,*$/.1.;"W9:&(../%$"%8"),/."-($("=*."6/$4('")%"),("1/+&%RXN"1/RB!HH2"=,/+,"1*5"
:6*5"*$"/1:%&)*$)"&%6("/$"),("&(-36*)/%$"%8"/$86*11*)/%$"/$"Td"63$-"(:/),(6/*6"+(66.;">,("
.:(+/8/+"1(+,*$/.1"%8"1/RB!HH" *+)/%$" /$"Td" +(66." *::(*&('" )%" 7(" *$" /$,/7/)/%$" %8" ),("
)&*$.6*)/%$"%8"LI#<!2" 6(*'/$-" )%"*" 6%.."%8"LI#<!" 83$+)/%$;">,/." 6%.." /$"LI#<!" 83$+)/%$"
6(*'")%"),("'%=$.)&(*1"%0(&(9:&(../%$"%8"#aB[2"=,/+,"=*.",5:%),(./?('")%"+%$)&/73)(")%"
),("63$-"/$8/6)&*)/%$".(($"/$"Td":*)/($).;">,/.".)3'5".3--(.)."*"&%6("8%&"LI#<!"*-%$/.)."/$"
),(")&(*)1($)"%8"Td;"
DE"
"
Blood Cell Production Enhancement 
 
#$,/7/)/%$"%8"LI#<!"/$",(*6),5"+(66.".,%36'"6(*'")%"*$"/$+&(*.("/$"<#@E2G2HA<E"1.22"
&(.36)/$-" /$" *$" /$+&(*.(" /$" ),(" *1%3$)" %8" +(66" '/0/./%$" .:(+/8/+" )%" 76%%'" *$'" %),(&"
,(1*)%:%/()/+" +(66.;" >&(*)1($)." )%" /$+&(*.(" 76%%'" +(66" :&%'3+)/%$" +3&&($)65" &(65" %$" ),("
&(+%17/$*$)"($'%-($%3."-&%=),"8*+)%&."(:%-($"*$'"$(3:%-($2"=,/+,"*&(":&%)(/$B7*.('"
*$'"),(&(8%&("13.)"7("*'1/$/.)(&('"75"/$C(+)/%$;"N".1*66"1%6(+36("LI#<!"/$,/7/)%&"+%36'"
7(")*4($"%&*6652"=,/+,"1*5"7("*'0*$)*-(%3."/$".%1("./)3*)/%$.;"L)3'/(."=/),"*".(6(+)/0("
LI#<!"/$,/7/)%&"&(+($)65".,%=('"),*)"/$+&(*.(."/$"76%%'"+(66":&%'3+)/%$"+%36'"7("'()(+)('"
in vivo" /$" 1/+(;GZ" >5:/+*665" $(3)&%:($/*" *$'" *$(1/*" *&(" :&%76(1." *..%+/*)('" *." ./'("
(88(+)."=/)," +*$+(&" +,(1%),(&*:52" .%" LI#<!" /$,/7/)%&." +%36'" 7(" 3.('" )%" ,(6:" *66(0/*)("
),(.(" +%$'/)/%$.;"R*'/*)/%$":%/.%$/$-" *6.%" 6(*'." )%" ./1/6*&" 76%%'" +(66" $*'/&.2" .%"LI#<!"
*$)*-%$/.)."1*5"7("3.(836"8%&"),(")&(*)1($)"%8"*++/'($)*6"&*'/*)/%$"(9:%.3&(;ZHBZY"
"
STEM Cells Mobilization 
 
LI#<!"4$%+4%3)"1/+(".,%="*"+,*&*+)(&/.)/+":&%6/8(&*)/%$"%8",(1*)%:%/()/+"L>WV"
+(66."@ILT.A"/$"+/&+36*)/$-":6*.1*;">,/."/."+%3$)(&/$)3/)/0("*."LI#<!"4$%+4%3)"1/+("*6.%"
.,%=" (9:*$./%$" %8" ),(" ,(1*)%:%/()/+" .)(1" +(66" $/+,(" /$" ),(" 7%$(" 1*&&%=;"],/6(" ),("
6*&-(&"$/+,(".,%36'"*++%11%'*)("),("-&(*)(&"$317(&"%8"L>WV"+(66.2"),("LI#<!"'(8/+/($)"
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PTEN Modulation 
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Small Molecule Phosphatase Modulators 
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SHIP1 Agonists 
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:&%'3+)"/.%6*)(."),*)"=(&("'%$*)('"8&%1"<8/?(&"=,($"),(5".,3)"'%=$"),(/&"$*)3&*6":&%'3+)"
.+&(($/$-"(88%&).;\G">,("*+)/0("+%$.)/)3($)"%8"*$"/.%6*)("8&%1"),(".%8)"+%&*6"Cladiella .:;"
+%66(+)('"/$"<%,$:(/"=*.".,%=$")%"*+)/0*)("LI#<!;">,("/.%6*)("=*."),($"8&*+)/%$*)('"*$'"
),(" .)&3+)3&("%8" ),(" *+)/0(" +%$.)/)3($)"'()(&1/$('"75"9B&*5"+&5.)*66%-&*:,5;">,/." 6('" )%"
),(" '()(&1/$*)/%$" ),*)" *3.)&*6/$" W" 1.11" /." ),(" LI#<!" *-%$/.)" :&(.($)" /$" ),(" /.%6*)(;"
N3.)&*6/$"W"1.11".,%=."6/))6("&(.(176*$+(")%"),(":(6%&%6"7*.('"*-%$/.).2"=/),"),(".)&3+)3&("
7(6%$-/$-")%"),("(3$/+(66/$"'/)(&:($%/'.;"],/6("),("(3$/+(66/$"'/)(&:($%/'.",*0(".,%=$"/$"
0/)&%"+5)%)%9/+/)5"*-*/$.)"+*$+(&"+(66"6/$(.2"),/."/."),("8/&.)"(9*1:6("%8"*"LI#<!"/$,/7/)%&"
=/)," ),/." .)&3+)3&*6" )5:(;" >,&((" %),(&" *3.)&*6/$" *$*6%-." =(&(" *6.%" /'($)/8/('" 8&%1" ),("
/.%6*)(2" 73)" .,%=('" $%" *+)/0/)5" *-*/$.)" LI#<!;" >,(.(" /$+63'('" *3.)&*6/$" d"1.122" =,/+,"
%$65" '/88(&." /$" *64($(" &(-/%+,(1/.)&52" =,/+," /1:6/+*)(." ),(" ($'%+5+6/+" *64($(" *."
/1:%&)*$)"8%&"7/%6%-/+*6"*+)/0/)5;"
E!"
"
R(+($)65" *" +5+6/+" '(:./:(:)/'(" =*." *6.%" .,%=$" )%" ,*0(" ),(" *7/6/)5" )%" *+)/0*)("
LI#<!2":&%0/'/$-" *" ),/&'" .)&3+)3&*6" +6*.."%8"LI#<!"*-%$/.).;\H" #.%6*)('" 8&%1"*" .)&*/$"%8"
Bacillus sp;" ),*)"=*."+36)3&('"8&%1"*".('/1($)".*1:6("+%66(+)('"8&%1"),(".(*"86%%&"*)"*"
'(:)," %8" !KK1" $(*&" >3&$*-*/$" #.6*$'" /$" I%=(" L%3$'2" M&/)/.," T%6317/*2" ),(.("
+%1:%3$'." '/88(&('" %$65" /$" ),(" .)(&(%+,(1/.)&5" %8" ),(" (.)(&" 6/$4*-(;" >,(" .)&3+)3&(." %8"
),(.(" 1%6(+36(." =(&(" 0(&/8/('" 75" .5$),(./." %8" ),(" 6/$(*&" .(+%" *+/'." 8%66%=('" 75"
1*+&%+5+6/?*)/%$"=/),"*"+*&7%'//1/'("&(*-($);">3&$*-*/$%6/'("M"1.13"=*."8%3$'")%",*0("
./1/6*&" :%)($+5" *." *" LI#<!" *+)/0*)%&" )%"Nk_BVX!KK;" #$)(&(.)/$-652" )3&$*-*/$%6/'("N"
1.142"=,/+,"%$65"'/88(&."/$"),(".)(&(%+,(1/.)&5"%8"),("(.)(&2"=*."8%3$'")%",*0("$%"*+)/0/)5"
*."*"LI#<!"*-%$/.);"
"
SHIP1 Antagonists 
 
S./$-"*",/-,B),&%3-,:3)".+&(($/$-"@I>LA"*::&%*+,2"ENT"1.5"=*."/'($)/8/('"*."*"
:%)($)"LI#<!"/$,/7/)%&;GZ"ENT"1.5"'/.:6*5."*"'()(+)*76("6(0(6"%8"/$,/7/)/%$"*)"D"1V"*$'"
HKc" /$,/7/)/%$" *)" !K" 1V" /$" ),(" V*6*+,/)(" -&(($" :,%.:,*)(" *..*5;" ENT" 1.5" *6.%"
.(6(+)/0(65" /$,/7/)." LI#<!" %0(&" 7%)," LI#<D" *$'" <>WX;" #$" 8*+)2"1.5" .,%=." $%)" (0($" *"
'()(+)*76(" 6(0(6"%8" /$,/7/)/%$" 8%&" (/),(&"LI#<D"*$'"<>WX"*)"!"1V;"d3&),(&" *$*65./."%8"
1.5U."7/%6%-/+*6"*+)/0/)5"'(1%$.)&*)('"),*)"/)"(9:*$'."),("15(6%/'"/113$%&(-36*)%&5"+(66"
:%%6" *$'" /$+&(*.(." 15(6%/'" /113$%&(-36*)%&5" +(66" 83$+)/%$" /$" :(&/:,(&*6" 651:,%/'"
)/..3(.2"/$+&(*.(."-&*$36%+5)(":&%'3+)/%$2"./-$/8/+*$)65"(6(0*)(."&('"76%%'"+(66"$317(&"/$"
15(6%.3::&(..('" ,%.).2" *$'" &('3+(." ),(" -&%=)," *$'" .3&0/0*6" %8" ,(1*)%:%/()/+" +*$+(&"
+(66.;" >,(.(" &(.36)." *66" 1/&&%&" ),(" (88(+)." %7.(&0('" /$" LI#<" 4$%+4%3)" 1/+(;HE" >,(.("
%7.(&0*)/%$."1*4(" 1.5" *$" *))&*+)/0(" $(=" 6(*'" 8%&" $(=" *-($)." ),*)" .)/136*)(" 76%%'" +(66"
:&%'3+)/%$"*$'"8*+/6/)*)("7%$("1*&&%=")&*$.:6*$)*)/%$;"N::6/+*)/%$."%8"1.5"/$"1/+("'/'"$%)"
ED"
"
&(.36)" /$" ),(" )5:/+*6" 15(6%/'" 63$-" /$8/6)&*)/%$2" .:6($%1(-*652" *$'" .,%&)($('" 6/8(" .:*$"
%7.(&0('"/$"LI#<!"4$%+4%3)"1/+(;GZ2HE"#$"8*+)2"1/+(")&(*)('"=/),"1.5"*&("-($(&*665",(*6),5"
*$'" '%" $%)" .((1" )%" ,*0(" *$5" '()&/1($)*6" :,5./%6%-/(.;" L3&:&/./$-652" -/0($" LI#<!U."
$(-*)/0(" &(-36*)/%$"%8" ),("<#EF":*),=*52" )&(*)1($)"%8" 6(34(1/*"*$'"136)/:6("15(6%1*"
+(66" 6/$(." =/)," 1.5" 6(*'" )%" *" ./-$/8/+*$)" '(+&(*.(" /$" +(66" 0/*7/6/)5;" T%$)&%6" (9:(&/1($)."
0(&/8/('"),*)"),/."'(+&(*.("/$"+(66"0/*7/6/)5"=*."'3(")%"),("/$,/7/)/%$"%8"LI#<!2"=,/+,"+*$"
7("(9:6*/$('"75"*"&('/&(+)/%$"%8"),("./-$*6/$-"3./$-"),("f>=%"<#<"I5:%),(./.g;"
"
"
"
Figure 1–6;" LI#<!"#$,/7/)%&.;"
"
N."+*$+(&"/."*",()(&%-($%3."'/.(*.(2"),("(88(+)."%8"ENT"=(&("(0*63*)('"%$"),&(("
+%11%$"VV" +(66" 6/$(.2"SDYY2" R<V#[DDY" *$'"b<VD2" )%" '()(&1/$(" /8" (*+,"=%36'" 7("
(J3*665"(88(+)('"75"),("LI#<!"/$,/7/)%&;YE"],/6(")&(*)1($)"%8"b<VD"+(66."=/),"1.5"6(*'")%"
*:%:)%./.2"),("6(..":&%6/8(&*)/0("R<V#[DDY"*$'"SDYY"+(66."*::(*&('")%"1*$/8(.)"),(/&"6*+4"
%8"0/*7/6/)5"),&%3-,"*3)%:,*-5"/$.)(*';"R(.:%$'/$-")%"1.5")&(*)1($)"=/),"*3)%:,*-5"1*5"
:&%)(+)" +(66." /$" ),(" .,%&)" )(&1" 8&%1"1.5" )&(*)1($)2" 73)" +*$" :&%-&(.." )%" *:%:)%./." 3$'(&"
EE"
"
+%$'/)/%$."%8":&%6%$-('"+(6636*&".)&(..;"#$"R<V#[DDY"*$'"SDYY"+(66.":&%6%$-('"(9:%.3&("
)%"1.5"*6.%"6(*'")%"'(-&*'*)/%$"%8"),("LI#<!":&%)(/$2"73)"$%)"LI#<D"%&"<>WX;"
>&(*)1($)" %8"VV"=/),"1.5" in vivo2" (1:6%5/$-" *" )31%&"9($%-&*8)"1%3.("1%'(6"
*$'" b<VD" +(66.2" =*." *6.%" (9:6%&(';YE" >&(*)1($)" =/)," ),(" *1/$%.)(&%/'" &(.36)('" /$"
&('3+('" )31%&" -&%=)," *$'" &('3+('" $317(&." %8" +/&+36*)/$-" b<VD" +(66.;" V%&("
./-$/8/+*$)652"1.5")&(*)1($)"&(.36)('"/$"*"./-$/8/+*$)65"($,*$+('".3&0/0*6"%8"1/+("*8)(&"),("
)31%&"+,*66($-(;"W0*63*)/%$"%8"),(")31%&"+(66."8&%1"1/+("),*)"&(./.)('")&(*)1($)".,%=('"
*" ./-$/8/+*$)" 3:&(-36*)/%$" %8" LI#<D2" .3--(.)/$-" ),*)" LI#<!" /$,/7/)/%$" 1*5" .(6(+)" 8%&"
)31%&"+(66."=/),"/$+&(*.('"LI#<D"(9:&(../%$;">,(.("&(.36).".3--(.)"),*)"+%1:6(1($)/$-"
LI#<!"/$,/7/)%&."=/),"LI#<D"/$,/7/)%&."1*5"7("*$"(0($"1%&("(88(+)/0(")&(*)1($)"&(-/1("
8%&"VV;"
#$" *''/)/%$" )%" 1.52" %),(&" LI#<!" *$)*-%$/.)." ,*0(" 7(($" /'($)/8/(';" <&(.)=/+,"
'(./-$('".(0(&*6"1()*7%6/+*665".)*7/6/?('"*$*6%-3(."%8"<#B@E2G2HAB<E"1.2"/$"*$"*))(1:)")%"
'(0(6%:" :&%7(." )%" 7())(&" 3$'(&.)*$'" ),(" &%6(" %8" ),/." 6/:/'" /$" +(66" :,5./%6%-5;H" >,(.("
1%6(+36(." *&(" 0(&5" ./1/6*&" )%" <#B@E2G2HAB<E" 1.2" 73)" +%$)*/$" *" :,%.:,%&),/%*)(" %&" *"
1(),56($(:,%.:,%$*)(" /$.)(*'" %8" *" :,%.:,*)(" -&%3:" *)" ),(" HU" :%./)/%$" %8" ),(" /$%./)%6;"
>,(.(" 1%6(+36(." =(&(" (0*63*)('" 8%&" ),(/&" *7/6/)5" )%" /$,/7/)" LI#<!" *$'" LI#<D" /$" ),("
,5'&%65./."%8"&*'/%6*7(66('"#$.@!2E2G2HA<G2"=/),"+%1:%3$'."1.152"1.162"*$'"1.17".,%=/$-"
./-$/8/+*$)"/$,/7/)/%$"%8"LI#<!"*)"!KKmV"+%$+($)&*)/%$;"<#BE2G2HB<E"1.2"*$*6%-3(."1.15–
1.17 *6.%" /$,/7/)" LI#<D" )%" .%1(" (9)($);" >,/." '/88(&($+(" /$" /$,/7/)/%$" ,/-,6/-,)." ),("
'/88(&($+("/$"),("/$%./)%6"7/$'/$-":%+4()."%8"),(")=%"($?51(.;"X%"/$,/7/)/%$"%8"<>WX"=*."
%7.(&0(';" #$)(&(.)/$-652" ./1/6*&" /$%./)%6." =/)," *" :,%.:,%&),/%6*)(" %&" *"
EG"
"
1(),56($(:,%.:,%$*)(" *)" ),("TE" :%./)/%$" *6.%" .,%=('"1%'(.)" *+)/0/)5" *." /$,/7/)%&." %8"
LI#<!;"
"
SHIP2 Inhibitors 
 
<,%.:,%&56*)('" :%65:,($%6." 6/4(" 1.182" 1.19" *$'" 1.20 ,*0(" 7(($" .,%=$" )%" 7("
(88(+)/0(" /$,/7/)%&." %8" LI#<D;\Y" >,(.(" +%1:%3$'." =(&(" /$0(.)/-*)('" =,($" ),&((B
'/1($./%$*6" 1%'(6/$-" &(0(*6('" *" ,/-," ,%1%6%-5" 7()=(($" ),(" :,%.:,%&56*)('" :,($%6."
*$'":,%.:,%&56*)('"/$%./)%6".37.)&*)(.;">,("$317(&"%8":,%.:,*)(."*$'"),(":%./)/%$"%8"),("
:,%.:,*)(." %$" ),(" 7($?($(" &/$-" -&(*)65" /$863($+('" ),(" %7.(&0('" LI#<D" /$,/7/)/%$;" d%&"
(9*1:6(2"M?@!2D2G2HA<G"1.19".,%=('"*$"#THK"%8"!!;DmV2"=,/6("M?@!2D2E2GA<G"1.20".,%=('"
*$"#THK"%8"!\;YmV;"X%$("%8"),(":,%.:,%&56*)('":,($%6"/$,/7/)%&."*::(*&('")%"7("*+)/$-"*."
*" .37.)&*)(" 8%&" ),(" :,%.:,*)*.(2" /$.)(*'" ),(" &(.36)." *::(*&('" )%" 7(" +%$./.)($)" =/)," *"
+%1:()/)/0(" /$,/7/)%&2"=/)," ),(":,%.:,%&56*)('" :,($%6." '/.:6*+/$-" nEIo#$.@!2G2HA" /$"L8\"
+(66."%0(&(9:&(../$-"#<ER!;">,("1%.)"*+)/0(":,%.:,%&56*)('":%65:,($%6"LI#<D"/$,/7/)%&"
=*." 7/:,($56@D2EU2G2HU2YA<H"1.182"=,/+," .,%=('" *$" #THK" %8" !;[" mV;"],/6(" $%" '*)*" 8%&"
/$,/7/)/%$" %8" LI#<!" %&" <>WX" =*." -/0($2" ),(.(" /$,/7/)%&." '/'" /$,/7/)" >5:(B#" HB
:,%.:,*)*.(2"=,/+,"/."*$%),(&"+%11%$"HB:,%.:,*)*.(;"Q/0($"),(",/-,65":%6*&".)&3+)3&("
%8" ),(" :,%.:,%&56*)('" :,($%6." /)" /." 3$6/4(65" ),*)" ),(5" +*$" ($)(&" +(66." /$" *$" 3$1%'/8/('"
8%&12" *$'"=,/6(" ),(" *3),%&." '%"1($)/%$" :&%)(+)/$-" ),(" :,%.:,*)(" -&%3:." )%" +&(*)(" +(66"
:(&1(*76("*$*6%-."$%"&(.36).")%"),/."(88(+)",*0("5()"7(($"'/.+6%.(';"
" "
EH"
"
" "
"
Figure 1–7;" LI#<D"#$,/7/)%&.;"
"
R(+($)65" ),(" +&5.)*6" .)&3+)3&(" %8" ),(" *+)/0(" ./)(" %8" LI#<D"=*." .%60('" 7%3$'" )%"
7/:,($56@D2EU2G2HU2YA<H"1.18;\Z">,("($?51("+&5.)*66/?('"=/),")=%":&%)(/$"1%$%1(&."/$"),("
3$/)"+(662"73)"%$65"%$("%8"),("($?51(.",*'"),("/$,/7/)%&"7%3$'"/$"),("7/$'/$-":%+4();">,("
/$,/7/)%&"*6.%",*'"*''/)/%$*6"/$)(&*+)/%$."=/),"&(./'3(."%8"*".(+%$'"LI#<D"1%6(+36("),*)"
=*." :&(.($)" /$" ),(" +&5.)*6" 6*))/+(;" N." LI#<D" /." $%&1*665" $%)" :&(.($)" /$" ,/-,"
+%$+($)&*)/%$.2" ),(.(" /$)(&*+)/%$." =/)," *" .(+%$'" 1%6(+36(" %8" LI#<D" *&(" 6/4(65" $%)"
/1:%&)*$)"/$"3$'(&.)*$'/$-"),("7/$'/$-"%8"),("/$,/7/)%&")%"),("*+)/0("./)(;"#$"%&'(&")%"-*/$"
*" -&(*)(&" 3$'(&.)*$'/$-" %8" ),(" /$)(&*+)/%$" 7()=(($" LI#<D" *$'" ),(" /$,/7/)%&2"1%6(+36*&"
'5$*1/+."+*6+36*)/%$."=(&(":(&8%&1('"*8)(&" &(1%0/$-" ),(".(+%$'"LI#<D"1%6(+36(;">,("
./136*)/%$."&(0(*6('"*"6%%:"%8"),(":&%)(/$"),*)"*+)."*."*"<GB/$)(&*+)/$-"1%)/8"@<G#VA;">,/."
EY"
"
:%&)/%$" %8" ),(" :&%)(/$"=*." '/.%&'(&('" *$'" 6%+*)('" *7%0(" ),(" 7/$'/$-" ./)(" /$" ),(" +&5.)*6"
.)&3+)3&("73)"'3&/$-"),("'5$*1/+."+*6+36*)/%$"),/."86(9/76("&(-/%$"1%0('")%"/$)(&*+)"=/),"
),(" /$,/7/)%&" *$'" 7(+%1(" :*&)" %8" ),(" 7/$'/$-" :%+4();" W0*63*)/%$" %8" ),(" .(J3($+("
*6/-$1($)" %8" !!" ,31*$" /$%./)%6" HUB:,%.:,*)*.(." .,%=('" ),*)" %$65" LI#<!" *$'" LI#<D"
:%..(..('" ),/." 86(9/76(" 6%%:" <G#V" 1%)/8;" N''/)/%$*6" 1%'(6/$-" =*." ),($" :(&8%&1('" )%"
(0*63*)(" ),(" 7/$'/$-" %8" ),(" .5$),()/+" /$%./)%6" '/BT[B<)'#$.@E2G2HA<E" *$'" ),(" LI#<D"
/$,/7/)%&"NL!\G\G\K"1.21;">,/."=%&4":&%0/'(."*"0(&5"/1:%&)*$)"*'0*$+(2"*."$%="),*)"),("
($?51("7/$'/$-":%+4()",*."7(($"'(.+&/7('"'&3-"'/.+%0(&5"+*$"1%0("8%&=*&'"/$"*"1%&("
&*)/%$*6" 1*$$(&;" Q/0($" ),(" ,/-," ,%1%6%-5" 7()=(($" LI#<!" *$'" LI#<D" ),/." =/66" *6.%"
6/4(65"*66%="&(.(*&+,(&.")%"3.("),/." /$8%&1*)/%$"/$"),("'(./-$"*$'" in silico"(0*63*)/%$"%8"
$(="LI#<!"/$,/7/)%&.;"
b),(&" LI#<D" /$,/7/)%&." *&(" *61%.)" +(&)*/$65" 4$%=$" 7(,/$'" ),(" +6%.('" '%%&." %8"
:,*&1*+(3)/+*6" +%1:*$/(.;" d%&" (9*1:6(2" *" ,/-,B),&%3-,:3)" *..*5" 3)/6/?/$-" LI#<D"=*."
+%$'3+)('"3./$-"*"\!2KYK"+%1:%3$'"6/7&*&52"=/),"%0(&"ZKK"/$,/7/)%&."7(/$-"/'($)/8/('"*."
,*0/$-" ZKc"/$,/7/)/%$"%8"LI#<D"*)"DHmV;\["b$("+%1:%3$'"=*."+6*/1('")%",*0("*$"#THK"
%8"K;EZ"mV"*-*/$.)"LI#<D2"*$'"*6.%".,%=('"./-$/8/+*$)"*+)/0/)5"*-*/$.)"LI#<!"*$'"<>WX"
@#THK"p"K;\K"mV"*-*/$.)"LI#<!"*$'"D;D"mV"*-*/$.)"<>WXA;"S$8%&)3$*)(65"$%".)&3+)3&(."
,*0(" 7(($" &(:%&)('2" *$'" $%" %),(&" 8%66%=B3:" .)3'/(." ,*0(" 7(($" :376/.,('" %$" ),(.("
/$,/7/)%&.;"b0(&")/1("),("(9:(+)*)/%$"/."),*)"),(.("+%1:%3$'."=/66"7(+%1("4$%=$"=,($"
(/),(&" ),("+6/$/+*6" )&/*6."7(-/$"%&"=,($" ),(" &(.(*&+,":&%-&*1"/."+6%.(';" #$"(/),(&"+*.(2" /)"
1*5" 7(" .(0(&*6" 5(*&." 7(8%&(" ),(.(" .)&3+)3&(." *$'" ),(" &(.36)." %8" ),(" .)3'/(." %$" LI#<D"
/$,/7/)%&."7(+%1(."4$%=$;"
EZ"
"
N" ),/%:,($(B7*.('" .1*66" 1%6(+36(" /$,/7/)%&" %8" LI#<D2" NL!\G\G\K" 1.21" =*."
&(:%&)('"75"=%&4(&."*)"N.)(66*.":,*&1*+(3)/+*6.;Y[">,/."1%6(+36("=*."&(:%&)('")%",*0("*$"
#THK"0*63("%8"K;YD"mV"*-*/$.)"LI#<D"*$'"=*.".(6(+)/0("8%&"LI#<D"+%1:*&('" )%"LI#<!"
@#THK" *-*/$.)" LI#<!" %8" !E" mVA;" >&(*)1($)" %8" aY" 15%76*.)." =/)," 1.21" 6('" )%" ),("
/$+&(*.('":,%.:,%&56*)/%$"*$'".37.(J3($)"*+)/0*)/%$"%8"N4);" #$)(&(.)/$-652" ),/." /$,/7/)%&"
*88(+)." %$65" :&%)(/$" 4/$*.(" M" D" @N4)DA2" *$" /.%8%&1" %8" N4)" ),*)" :6*5." *$" (.:(+/*665"
:&('%1/$*$)"&%6("/$"/$.36/$"./-$*6/$-2"=,/6("/)",*."0(&5"1/$/1*62"/8"*$52"/$,/7/)%&5"(88(+)."
%$" :&%)(/$" 4/$*.(" M" !" @N4)!A;\\" #$" *''/)/%$2" 1.21" =*." .,%=$" )%" /$+&(*.(" -63+%.("
1()*7%6/.12" &(.36)/$-" /$" *$" /$+&(*.(" /$" 7%)," -63+%.(" 3:)*4(" *$'" +%$.31:)/%$;" N" &*)"
,(1*)%1*"+(66" 6/$("'(&/0('" 8&%1"IEH"+(66." @dNbA" )&(*)('"=/),"1.21" '/.:6*5('" &('3+('"
/$.36/$B'(:($'($)" -63+%$(%-($(./." *$'" 3$'(&(9:&(../%$" %8" &(6*)('" -($(.;" L/1/6*&652"
$%&1*6"*'36)"1/+("*+3)(65")&(*)('"=/),"1.21"*6.%".,%=('"&('3+('"-63+%$(%-($(./."/$"),("
6/0(&2" '(1%$.)&*)/$-" ),*)" 1.21" +*$" +%$)&%6" -63+%$(%-($(./." 7%)," in" vitro" *$'" in" vivo;"
O/*7()/+" dbedb" 1/+(" +,&%$/+*665" )&(*)('" =/)," 1.21" '/.:6*5('" /$+&(*.('" .)/136*)/%$" %8"
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Immune System."L*3$'(&."W6.(0/(&^"<,/6*'(6:,/*2"<N2"DK!!;"
"
DK;A" `3*$2">;"a;P"T*$)6(52"a;"T;"s<#EF":*),=*5"*6)(&*)/%$."/$"+*$+(&^"0*&/*)/%$."%$"*"
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"
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:,%.:,*)/'56/$%./)%6"EB4/$*.(":*),=*5^"&%6("/$")31%&":&%-&(../%$"*$'"),(&*:(3)/+"
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"
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V;P" F*4(C/2" `;P" M*7*2" I;P"V*(,*&*2" `;" sN+)/0*)/%$" %8" <#EFeN4)" ./-$*6/$-" *$'"
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"
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NF>"/$"136)/:6("15(6%1*;s"Blood 20022"992"DDZ[BDDZ\;""
"
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"
DG;A" >&%9(662"V;" a;P" a(0/$(2" t;P" M(*'6/$-2" T;P"]*&&/+42" N;P" O3$6*:2" t;P" <&(.$(662" N;P"
<*))(&.%$2" t;P" L,346*2" N;P" b6.%$2" X;" R;P" I(/$&/+,2"V;" T;P" T%&6(..2" T;" a;" sI/-,"
:&(0*6($+(" %8" <#FETNeNF>" :*),=*5" 13)*)/%$." /$" :*:/66*&5" $(%:6*.1." %8" ),("
7&(*.);s"Modern Pathology 20102"232"DZBEZ;""
"
DH;A" O(52" t;"I;P"M/*$+,/2"d;P"l%.,%62" t;P"M%$($8*$)2"O;P"b*4(6(52"W;" t;P"I5$(.2"X;"W;"
s>*&-()/$-" d/7&%76*.)" Q&%=)," d*+)%&" R(+(:)%&." M6%+4." <#EFeNF>" L/-$*6/$-2"
#$'3+(." N:%:)%./.2" *$'" #1:*/&." V*11*&5" >31%&" b3)-&%=)," *$'" V()*.)*./.;s"
Cancer Res; 20102"702"G!H!BG!YD;"
"
DY;A" V%$)(&%2"t;"T;P"a%:(?B<(&(?2"R;P"L*$"V/-3(62"t;"d;P"<*$'/(66*2"N;"sW9:&(../%$"%8"
+BF/)" /.%8%&1." /$" 136)/:6(" 15(6%1*^" '/88(&($+(." /$" ./-$*6/$-" *$'" '&3-"
.($./)/0/)5;s"Haematologica 20082"932"[H!B[H\;""
"
DZ;A" I*&0(52" R;" O;P" a%$/*62" L;" s<#E" 4/$*.(eNF>" :*),=*5" *." *" ),(&*:(3)/+" )*&-()" /$"
136)/:6("15(6%1*;s"Future Oncol. 20072"32"YE\BYGZ;""
"
D[;A" M3$$(52">;"O;P"F*)*$2"V;" s<,%.:,%/$%./)/'(" ./-$*66/$-" /$" +*$+(&^" 7(5%$'"<#EF"
*$'"<>WX;s"Nat. Rev. Cancer 20102"102"EGDBEHD;"
"
D\;A" d&*$4(2">;"d;P"F*:6*$2"O;"R;P"T*$)6(52"a;"T;P">%4(&2"N;"sO/&(+)"&(-36*)/%$"%8"),("
N4)":&%)%B%$+%-($(":&%'3+)"75":,%.:,*)/'56/$%./)%6BE2GB7/.:,%.:,*)(;s"Science 
19972"2752"YYHBYY[;"
"
EK;A" V*2"F;P"T,(3$-2"L;"V;P"V*&.,*662"N;"t;P"O3&%$/%2"l;"s<#@E2G2HA<E"*$'"<#@E2GA<D"
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"
E!;A" #$%4/2" F;P" a/2" `;P" i,32" >;P"]32" t;P" Q3*$2" F;Ba;" s>LTD" /." :,%.:,%&56*)('" *$'"
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"
ED;A" O*))*2"L;"R;P"O3'(42"I;P">*%2"_;P"V*.)(&.2"L;P"d32"I;P"Q%)%,2"`;P"Q&(($7(&-2"V;"W;"
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"
EY;A" i,*$-2" _;P" t/$2" M;P" I3*$-2" T;" s>,(" <#EFeN4)" :*),=*5" *$'" /)." '%=$.)&(*1"
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EZ;A" T,($2"I;P"a/2"V;P"T*1:7(662"R;"N;P"M3&4,*&')2"F;P"i,32"O;P"a/2"L;"Q;P"a((2"I;"t;P"
]*$-2"T;P"i($-2"i;P"Q%&'%$2"V;"L;P"M%$*0/'*2"M;P"M(&($.%$2"t;"R;"s#$)(&8(&($+("
=/)," $3+6(*&" 8*+)%&" 4*::*" M" *$'" +Bt3$" XIDB)(&1/$*6" 4/$*.(" ./-$*6/$-" 75"
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E[;A" M(&*&'/2"O;"W;P"T*1:%'w$/+%2"<;"M;P"M(..%$(2"V;"#;"O;P"S&)&(-(&2"N;"t;P">%'*&%2"a;"
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E\;A" V(,&:%3&2" V;P" W.+6*)/$(2" N;P" M(*32" #;P" T%'%-$%2" <;" sb0(&0/(=" %8"
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(:/'(&1*6"-&%=),"8*+)%&"&(+(:)%&;s"J. Biol. Chem. 20052"2802"!E!D\B!E!EY;"
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YK;A" #0()*+2" #;P"Q3&3$-2"R;P"I*4/12"L;P"I%&*$2"F;"N;P"L,(88/(6'2"O;"N;P"M/$-(2"a;"T;P"
V*C(&3.2"<;"];P">/-*$/.2">;P"V/)+,(662"T;"N;"sR(-36*)/%$"%8"<#@EAFeN4)"./-$*66/$-"
*$'"+(6636*&" )&*$.8%&1*)/%$"75" /$%./)%6":%65:,%.:,*)("GB:,%.:,*)*.(B!;s"EMBO 
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Y!;A" Q(=/$$(&2" T;P" ]*$-2" i;" T;P" R/+,*&'.%$2" N;P" >(&35*Bd(6'.)(/$2" t;P"
W)(1*'1%-,*'*12" O;P" M%=)(662" O;P" M*&&()/$*2" t;P" a/$2" ];" V;P" R*1(,2" a;P"
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YD;A" d('(6(*2"T;"Q;P"b%1.*2"a;"V;P"I%*2"V;P"l/(3..(392"t;P"bx>%%6(2"L;"N;P"V/66*&2"W;"
F;P" a%:(?BF$%=6(.2" W;P" L&/&*)*$*2" N;P" Q3&3$-2" R;P" M*-6/())%2" a;P" Q/6(.2" Q;" Q;P"
M*/6(52" T;" Q;P" R*.4%2" t;" W;" t;P" L,/(6'.2" M;" t;P" <&/+(2" t;" >;P" V*C(&3.2" <;" ];P"
L3),(&6*$'2" R;" a;P" >/-*$/.2" >;P" V+a(*$2" T;" N;P" V/)+,(662" T;" N;" s#$%./)%6"
:%65:,%.:,*)(" GB:,%.:,*)*.(" ##" &(-36*)(." <#EFeN4)" ./-$*6/$-" *$'" /." 6%.)" /$"
,31*$"7*.*6B6/4("7&(*.)"+*$+(&.;s"Proc. Natl. Acad. Sci. USA 20102"1072"DDDE!B
DDDEY;"
"
YE;A" d3,6(&2" Q;" V;P" M&%%4.2" R;P" >%1.2" M;P" #5(&2" L;P" Q($-%2" W;" N;P" <*&42" V;B`;P"
Q3176()%$2" V;P" l/(&$(.2" O;" R;P" T,/.,%612" t;" O;P" F(&&2" ];" Q;" s>,(&*:(3)/+"
:%)($)/*6" %8" LI#<!" *$'" LI#<D" /$,/7/)/%$" /$" +*$+(&" +(66.;s"Mol. Med. 20122"182"
YHBZH;"
"
YG;A" F($$*,2"V;P"`*32">;"`;P"X%'=(662"V;P"F&5.)*62"Q;P"N$'(&.%$2"R;"t;P"b$-2"T;"t;P"
V3/2" N;" a;" sN+)/0*)/%$" %8" LI#<" 0/*" *" .1*66" 1%6(+36(" *-%$/.)" 4/66." 136)/:6("
15(6%1*"+(66.;s"Exp. Hematol. 20092"372"!DZGB!D[E;"
G\"
"
YH;A" V*$+/$/2"N;P"F%+,2"N;P"]/61.2"R;P">*13&*2">;"s>,("LIDB+%$)*/$/$-"/$%./)%6"HB
:,%.:,*)*.(" @LI#<AB!" /." /1:6/+*)('" /$" ),(" +%$)&%6" %8" +(66B+(66" C3$+)/%$" *$'"
/$'3+(."'/..%+*)/%$"*$'"'/.:(&./%$"%8"VOTF"+(66.;s"Oncogene 2002,"212"!GZZB
!G[G;""
"
YY;A" I*''%$2" O;" t;P" N$)/-$*$%2" d;P" I3-,(.2" V;" R;P" M6*$+,()2" V;BR;P" i75)$3/42" a;P"
F&5.)*62"Q;P"V+X*-$52"F;"V;" sLI#<!" #." *"R(:&(..%&"%8"V*.)"T(66"I5:(&:6*./*2"
T5)%4/$("<&%'3+)/%$2"*$'"N66(&-/+"#$86*11*)/%$"#$"l/0%;s"J. Immunol. 20092"1832"
DD[BDEY;""
"
YZ;A" #.,/,*&*2"I;P"L*.*%4*2">;P"I%&/2"I;P"]*'*2">;P"I/&*/2"I;P"I*&3)*2">;P"a*$-6%/.2"];"
t;P"F%7*5*.,/2"V;"sV%6(+36*&"+6%$/$-"%8"&*)"LIDB+%$)*/$/$-"/$%./)%6":,%.:,*)*.("
D"@LI#<DA"*$'"/)."&%6("/$"),("&(-36*)/%$"%8" /$.36/$"./-$*6/$-;s"Biochem. Biophys. 
Res. Commun. 19992"2602"DHYBDZD;""
"
Y[;A" L3=*2" N;P" `*1*1%)%2" >;P" L*=*'*2" N;P" V/$%3&*2" F;P" I%.%-*/2" X;P" >*,*&*2" N;P"
F3&*1*2" >;P" L,/1%4*=*2" >;P" N&*1%&/2" #;" sO/.+%0(&5" *$'" 83$+)/%$*6"
+,*&*+)(&/?*)/%$" %8" *" $%0(6" .1*66" 1%6(+36(" /$,/7/)%&" %8" ),(" /$)&*+(6636*&"
:,%.:,*)*.(2"LI#<D;s"Br. J. Pharmacol. 20092"1582"[Z\B[[Z;""
"
Y\;A" V*C(&3.2" <;" ];P" F/..(6(0*2" V;" l;P" X%&&/.2" d;" N;" s>,(" &%6(" %8" :,%.:,*)*.(." /$"
/$%./)%6"./-$*6/$-"&(*+)/%$.;s"J. Biol. Chem. 19992"2742"!KYY\B!KYZD;""
"
ZK;A" ]*,6(2"t;"N;P"<*&*/.%2"F;"I;">;P"T%.)(66%2"N;"a;P"Q%662"W;"a;P"L($)1*$2"T;"a;P"F(&&2"
];"Q;"sT3))/$-"W'-(^"O%1/$*$+("75"*$"VITB#$'(:($'($)" #$,/7/)%&5"R(+(:)%&"
T%1:&%1/.(."XF"F/66/$-" %8" T%1:6(9" >*&-().;s" J. Immunol. 20062" 1762" Z!YHB
Z!Y\;""
"
Z!;A" Q,*$.*,2">;P"<*&*/.%2"F;"I;P"I/-,8/662"L;P"O(.:%$).2"T;P"V*52"L;P"V+#$)%.,2"t;"F;P"
]*$-2" t;" ];P" X/$%.2" t;P" M&*5(&2" t;P" T,($-2" d;P" L%)%1*5%&2" W;P" F(&&2" ];" Q;"
sW9:*$./%$" %8" 15(6%/'" .3::&(..%&" +(66." /$" LI#<B'(8/+/($)" 1/+(" &(:&(..(."
*66%-($(/+">"+(66"&(.:%$.(.;s"J. Immunol. 20042"1732"ZEDGBEK;""
"
ZD;A" F(&&2" ];" Q;P" <*&42" V;" `;P" V*37(&)2" V;P" W$-(61*$2" R;" ];" sLI#<" '(8/+/($+5"
+*3.(."T&%,$x."'/.(*.(B6/4("/6(/)/.;s"Gut 20112"602"!ZZB![[;"
"
"
"
"
"
"
"
"
"
"
HK"
"
ZE;A" M*&&())2"t;"T;2"L;"I*$.%362"O;"a;"X/+%6*(2"t;"I;"T,%2"R;"I;"O3(&&2"t;"O;"R/%392"L;"R;"
M&*$)2" V;" L;" L/60(&7(&-2" F;" O;" >*56%&2" V;" V;" M*&1*'*2" N;" M/))%$2" >;"
O*..%:%36%.2"a;"];"O*))*2">;"Q&(($2"N;"V;"Q&/88/),.2"W;"b;"F/.)$(&2"V;">;"V3&),*2"
V;"O;"R(-3(/&%2"t;"#;"R%))(&2"a;"<;"L+,3112"N;"I;"L)(/$,*&)2"L;"R;">*&-*$2"R;"t;"
_*0/(&2" T;" a/7/%366(2" T;" L*$'%&2"V;" a*),&%:2" t;" M(6*/+,(2" b;" O(=/)2" #;" Q3)2" L;"
I(*),2" O;" a*34($.2" V;" V$/2" <;" R3)-((&).2" N;" l*$" Q%..312" O;" i(6($/4*2" O;"
d&*$+,/1%$)2"t;"<;"I3-%)2"V;"'("l%.2"L;"l(&1(/&(2"W;"a%3/.2"a;"R;"T*&'%$2"T;"N;"
N$'(&.%$2"I;"O&311%$'2"W;"X/11%2">;"N,1*'2"X;"t;"<&(.+%))2"T;"V;"b$$/(2"L;"
N;"d/.,(&2" t;"V*&+,/$/2" t;"Q,%&/2"L;"M31:.)(*'2"R;"Q=/66/*12"V;">&(1(66/$-2"<;"
O(6%34*.2" t;" V*$.8/(6'2" O;" t(=(662" t;" L*).*$-/2" T;" Q;" V*),(=2" V;" <*&4(.2" V;"
Q(%&-(.2"*$'"V;"t;"O*65"sQ($%1(B=/'("*..%+/*)/%$"'(8/$(."1%&("),*$"EK"'/.)/$+)"
.3.+(:)/7/6/)5"6%+/"8%&"T&%,$x."'/.(*.(;s"Nat. Genet. 20082"402"\HHB\YD;""
"
ZG;A" M,*))*+,*&55*2"L;P"M*6*4*),/&(.*$2"X;"L;P"O*6-*&'2"T;P"Q3))/2"S;P"N&1/.)(*'2"O;P"
t%?=/42" T;P" L&/0*.)*0*2" V;P" <%66*&'2" I;" M;P" M/.=*.2" R;" sW6(0*)('" 1/RB!HH"
<&%1%)(." #$86*11*)/%$" /$" T5.)/+" d/7&%./." 75" O&/0/$-" I5:(&(9:&(../%$" %8"
#$)(&6(34/$B[;s"J. Biol. Chem. 20112"2862"!!YKGB!!Y!H;"
"
ZH;A" _/*%2" V;P" ],/)$*662" V;" I;" s<,*&1*+%6%-/+*6" +%3$)(&1(*.3&(." 8%&" ),(" *+3)("
&*'/*)/%$".5$'&%1(;s"Curr. Mol. Pharmacol. 20092"22"!DDB!EE;"
"
ZY;A" O%$$(6652" W;" I;P" X(1,*3.(&2" t;" M;P" L1/),2" t;" V;P" F*??/2" i;" X;P" d*&8u$2" W;" M;P"
T,*$-2" N;" L;P" X*((12" L;" d;" sN+3)(" R*'/*)/%$" L5$'&%1(^" N..(..1($)" *$'"
V*$*-(1($);s"South. Med. J. 20102"1032"HG!BHGG;"
"
ZZ;A" N6)(&2"Q;P"L3.+%0/+,2">;"t;P"F6(51*$2"V;P">(/-($2"X;P"L)&((+42"I;P"i*1*$2"V;">;P"
V(/(&2" N;P" N6)8(6'2" V;" sa%=" :(&8%&/$" *$'" (6(0*)('" LI#<B!" (9:&(../%$" /."
*..%+/*)('" =/)," 83$+)/%$" *$(&-5" %8" $*)3&*6" 4/66(&" +(66." /$" +,&%$/+" I#lB!"
/$8(+)/%$;s"AIDS 20062"202"!HG\B!HH!;""
"
Z[;A" Q(%&-(.+32" V;BV;" s<>WX" )31%&" .3::&(..%&" $()=%&4" /$" <6EFBN4)" :*),=*5"
+%$)&%6;s"Genes Cancer 20102"12"!!ZKB!!ZZ;""
"
Z\;A" L%$-2"V;" L;P" L*61($*2" a;P" <*$'%68/2" <;" <;" s>,(" 83$+)/%$." *$'" &(-36*)/%$" %8" ),("
<>WX")31%3&".3::&(..%&;s"Nat. Rev. Mol. Cell Biol. 20122"132"D[EBD\Y;""
"
[K;A" <*&42" F;" F;P" a/32" F;P" I32" `;P" F*$)(&2" t;" a;P" I(2" i;" s<>WXe1>bR" *$'" *9%$"
&(-($(&*)/%$;s"Exp. Neurol. 20102"2232"GHBHK;""
"
[!;A" F3&/1%)%2">;P"`/$2"`;P"b13&*2"F;P"Q/67(&)2"I;B5;P"F/12"O;P"T($2"a;B<;P"V%4%2"a;P"
F3-6(&2"L;P"M($%=/)?2"a;"#;"sa%$-B'/.)*$+("*9%$"&(-($(&*)/%$"/$"),("1*)3&("%:)/+"
$(&0(^"+%$)&/73)/%$."%8"%$+%1%'36/$2"+NV<2"*$'":)($"-($("'(6()/%$;s"J. Neurosci. 
20102"302"!HYHGB!HYYE;""
"
H!"
"
[D;A" L3$2"d;P"<*&42"F;"F;P"M(6/$2"L;P"]*$-2"O;P"a32">;P"T,($2"Q;P"i,*$-2"F;P"`(3$-2"T;P"
d($-2"Q;P"`*$4$(&2"M;"N;P"I(2"i;" sL3.)*/$('" *9%$" &(-($(&*)/%$" /$'3+('"75" +%B
'(6()/%$"%8"<>WX"*$'"LbTLE;s"Nature 20112"4802"EZDBEZH;"
"
[E;A" T,&/.)/(2"F;"t;P"V*&)/$(?2"t;"N;P"i%+,%'$(2"O;"];"sO/.&3:)/%$"%8"WE"6/-*.("XWOOG"
/$" :(&/:,(&*6" $(3&%$." /$)(&&3:)." *9%$" %3)-&%=),^"a/$4*-(" )%" <>WX;s"Mol. Cell. 
Neurosci. 20122"502"!Z\B!\D;"
"
[G;A" <*&42"F;"F;P"a/32"F;P"I32"`;P"L1/),2"<;"O;P"]*$-2"T;P"T*/2"M;P"_32"M;P"T%$$%6652"
a;P"F&*10/.2" #;P" L*,/$2"V;P"I(2"i;" s<&%1%)/$-"N9%$"R(-($(&*)/%$" /$" ),("N'36)"
TXL"75"V%'36*)/%$"%8"),("<>WXe1>bR"<*),=*5;s"Science 20082"3222"\YEB\YY;""
"
[H;A" T,&/.)/(2" F;" t;P" ](77(&2" T;" N;P" V*&)/$(?2" t;" N;P" L/$-,2" M;P" i%+,%'$(2" O;" ];"
s<>WX"/$,/7/)/%$")%"8*+/6/)*)("/$)&/$./+"&(-($(&*)/0("%3)-&%=),"%8"*'36)":(&/:,(&*6"
*9%$.;s"J. Neurosci. 20102"302"\EKYB\E!H;""
"
[Y;A" a/32" F;P" a32" `;P" a((2" t;" F;P" L*1*&*2" R;P"]/66($7(&-2" R;P" L(*&.BF&*97(&-(&2" #;P"
>('(.+,/2"N;P" <*&42"F;"F;P" t/$2"O;P" T*/2" M;P"_32"M;P" T%$$%6652" a;P" L)(=*&'2"b;P"
i,($-2" M;P" I(2" i;" s<>WX" '(6()/%$" ($,*$+(." ),(" &(-($(&*)/0(" *7/6/)5" %8" *'36)"
+%&)/+%.:/$*6"$(3&%$.;s"Nat. Neurosci. 20102"132"!KZHB!K[!;""
"
[ZA" `*$-2" a;P" ]/66/*1.2" O;" W;P" V3/2" N;P" b$-2" T;P" F&5.)*62" Q;P" l*$" L%(.)2" R;P"
N$'(&.($2"R;"t;"sL5$),(./."%8":(6%&%6"*$'"*$*6%-3(.^"*+)/0*)%&."%8"),("/$%./)%6"HB
:,%.:,*)*.("LI#<;s"Org. Lett; 20052"72"!KZEB!KZY;"
""
[[;A" Q%+6/42"W;P"Fz$/-2"Q;"V;P"]&/-,)2"N;"O;P"F*1/$.452"R;"s<(6%&%6"8&%1"),(")&%:/+*6"
1*&/$(".:%$-("O*+)56%.:%$-/*"(6(-*$.;s"J. Nat. Prod. 20002"632"!!HKB!!HD;""
"
[\;A" F=*42"t;"I;P"L+,1/)?2"d;"t;P"F(6652"V;"sL(.J3/)(&:($("J3/$%6.eJ3/$%$(."8&%1"),("
V/+&%$(./*$".:%$-("<()&%.*.:%$-/*"1()*+,&%1/*;s"J. Nat. Prod. 20002"632"!!HEB
!!HY;""
"
\K;A" b$-2"T;"t;P"V/$-Ba312"N;P"X%'=(662"V;P"Q,*$/:%3&2"N;P"`*$-2"a;P"]/66/*1.2"O;"
W;P"F/12"t;"O;2"a;P"k*./1/2"<;P"R3.+,1*$$2"t;P"T*%2"a;"<;P"V*2"F;P"T,3$-2"L;"];P"
O3&%$/%2"l;P"N$'(&.%$2"R;"t;P"F&5.)*62"Q;P"V3/2"N;"a;"sL1*66B1%6(+36("*-%$/.)."
%8"LI#<!"/$,/7/)"),(":,%.:,%/$%./)/'("EB4/$*.(":*),=*5"/$",(1*)%:%/()/+"+(66.;s"
Blood 20072"1102"!\GDB!\G\;""
"
\!;A" L,($4(&2" M;" t;P" O6*4/+2" V;P" ]*64(&2" a;" <;P" M(.*+42" O;P" t*88(2" W;P" a*M(66(2" W;P"
M%(.?(BM*))*-6/*2" F;" sN" $%0(6" 1%'(" %8" *+)/%$" 8%&" *" 1/+&%7/*6B'(&/0('"
/113$%)%9/$^" ),(" +5)%6(),*6" '/.)($'/$-" )%9/$" .373$/)" M" (9,/7/)." :,%.:,*)/'56"
E2G2HB)&/:,%.:,*)(":,%.:,*)*.("*+)/0/)5;s"J. Immunol. 20072"1782"HK\\BH!K[;""
"
"
"
HD"
"
\D;A" I%&$2"L;P"W$'62"W;P"d(,.(2"M;P"](+42"V;"V;P"V*5&2"Q;"];P"t{+4(&2"V;"sR(.)%&*)/%$"
%8" LI#<!" *+)/0/)5" /$" *" ,31*$" 6(34(1/*" +(66" 6/$(" '%=$&(-36*)(." +%$.)/)3)/0(65"
*+)/0*)('" :,%.:,*)/'56/$%./)%6" EB4/$*.(eN4)eQLFBE7" ./-$*6/$-" *$'" 6(*'." )%" *$"
/$+&(*.('")&*$./)")/1("),&%3-,"),("Q!":,*.("%8"),("+(66"+5+6(;s"Leukemia 20042"182"
![E\B![G\;""
"
\E;A" V*+4($?/(2" a;P" V*+&3&52" >;P" I*&=/-2" T;P" F,6(7$/4%02" l;P" L,*$2" R;P" <6*+(2" L;P"
M/&'2" <;P" <())/-&(=2" t;P" M,*))/2" X;" N;" b9*B" *$'" ),/*)()&*+5+6%%+)*'(+*)&/($("
'(&/0*)/0(."*."LI#<!"1%'36*)%&."*$'"),(/&":&(:*&*)/%$"*$'"3.("8%&"),(")&(*)1($)"%8"
LI#<!B1('/*)('"'/.(*.(.;"<T>"#$);"N::6;"]b"DK!!KY\!!["N!2"t3$"\2"DK!!;"
"
\G;A" ]/66/*1.2"O;"W;P"N16*$/2"N;P"O(=/2"N;"L;P"<*)&/+42"M;"b;P"0*$"b8=(-($2"a;P"V3/2"
N;"a;"d;P"N$'(&.($2"R;"t;"sN3.)&*6/$"W"#.%6*)('"8&%1"),("L%8)"T%&*6"T6*'/(66*".:;"
T%66(+)('" /$" <%,$:(/" N+)/0*)(." ),(" #$%./)%6" HB<,%.:,*)*.(" LI#<!;s" Aust. J. 
Chem. 20102"632"[\HB\KK;"
"
\H;A" a/2"O;P"T*&&2"Q;P"i,*$-2"`;P"]/66/*1.2"O;"W;P"N16*$/2"N;P"M%))&/(662"I;P"V3/2"N;"a;"
d;P"N$'(&.($2"R;" t;" s>3&$*-*/$%6/'(."N"*$'"M2"+5+6/+"'(:./:(:)/'(.":&%'3+('" /$"
+36)3&("75"*"M*+/663." .:;^" #.%6*)/%$2" .)&3+)3&("(63+/'*)/%$2"*$'".5$),(./.;s"J. Nat. 
Prod. 20112"742"!K\EB!K\\;"
"
\Y;A" l*$'(:3)2"d;P"T%17())(.2"a;P"V/66.2"L;"t;P"M*+4(&.2"F;P"]%,64z$/-2"N;P"<*&5.2"t;P"
O("L1(')2"I;P"V/../*($2"a;P"O3:%$)2"Q;P"<%))(&2"M;"l;"a;P"W&$(392"T;"sM/:,($56"
D2EU2G2HU2YB:($)*4/.:,%.:,*)(2" *" $%0(6" /$%./)%6" :%65:,%.:,*)(" .3&&%-*)(2"
1%'36*)(."T*Dj"&(.:%$.(."/$"&*)",(:*)%+5)(.;s"FASEB J. 20072"212"!G[!B!G\!;""
"
\Z;A" V/66.2"L;"t;P"<(&..%$2"T;P"T%?/(&2"Q;P">,%1*.2"V;"<;P">&(.*3-3(.2"a;P"W&$(392"T;P"
R/6(52"N;"V;P"X%&'63$'2"<;P"<%))(&2"M;"l;"a;" sN"L5$),()/+"<%65:,%.:,%/$%./)/'("
I(*'-&%3:" L3&&%-*)(" /$" T%1:6(9" =/)," LI#<D" <&%0/'(." *" R*)/%$*6(" 8%&" O&3-"
O/.+%0(&5;s"ACS Chem. Biol. 20122"72"[DDB[D[;"
"
\[;A" R%=(2">;P"I*6(2"T;P"i,%32"N;P"F3&?(C*2"R;"t;"V;P"N6/2"N;P"V($C*&(.2"N;P"]*$-2"V;P"
V+T*&)(&2" t;" O;" sN" I/-,B>,&%3-,:3)" V/+&%863/'/+" N..*5" 8%&" LID" O%1*/$B
T%$)*/$/$-" #$%./)%6"HB<,%.:,*)*.("D;s"Assay Drug Dev. Technol. 20062"42"!ZHB
![E;"
"
\\;A" L*.*%4*2">;P"]*'*2">;P"d343/2"F;P"V3&*4*1/2"L;P"#.,/,*&*2"I;P"L3?34/2"R;P">%7(2"
F;P" F*'%=*4/2" >;P" F%7*5*.,/2" V;" sLIDB+%$)*/$/$-" /$%./)%6" :,%.:,*)*.(" D"
:&('%1/$*)65" &(-36*)(." N4)D2" *$'" $%)" N4)!2" :,%.:,%&56*)/%$" *)" ),(" :6*.1*"
1(17&*$(" /$" &(.:%$.(" )%" /$.36/$" /$" E>EBa!" *'/:%+5)(.;s" J. Biol. Chem. 20042"
2792"!G[EHB!G[GE;""
"
!KK;A" L3=*2"N;P"F3&*1*2">;P"`*1*1%)%2">;P"L*=*'*2"N;P"L,/1%4*=*2">;P"N&*1%&/2" #;"
sQ63+%.("1()*7%6/.1"*+)/0*)/%$"75"LI#<D"/$,/7/)%&."0/*"3:B&(-36*)/%$"%8"QaS>!"
-($("/$"aY"15%)37(.;s"Eur. J. Pharmacol. 20102"6422"!ZZB![D;"
"
HE"
"
!K!;A" L3=*2" N;P" F3&*1*2" >;P" L,/1%4*=*2" >;" sLI#<D" *$'" /)." /$0%60(1($)" /$" 0*&/%3."
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Figure 2–8. Comparison of 1H NMR Between NSC23922 and Synthetically Prepared 
3!– and 3"–Amine Hydrochloride Salts 2.9 and 2.13. 
!
Both 2.9 and 2.13 together with their synthetic intermediates were evaluated for 
their SHIP inhibition using the malachite green assay to determine the amount of 
inorganic free phosphate.39 This assay is a widely used procedure to quantitate protein 
phosphatase activity.40–42 The assay is based on the ion association of phophomolybdate 
with the cationic malachite green (MG+) dye at low pH.43–44 This coloration reaction is 
multi–step which is shown in Figure 2–9. The formation of the green molybdophosphic 
acid complex measured directly at 620–640 nm and is directly related to the free 
phosphate concentration.44  
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Figure 2–20;"" O(./&('"T5+6/+"N1/$(.;"
"
>,(".5$),(./."%8" ),(.("'(&/0*)/0(."+%11($+('"75"%9/'/?/$-"2.49" )%"4()%$("2.65 
=,/+,"/.".,%=$"/$"Scheme 2–12;">,("4()%$("2.65"=*."+%$0(&)('")%"%9/1("2.66"/$"-%%'"
5/(6'."=/)," ,5'&%956*1/$(;">,(" %9/1("=*." .37C(+)('" )%" *"LbT6DB+*)*65?('"M(+41*$$"
&(*&&*$-(1($)" =,/+," -*0(" *$" (J3*6" 1/9)3&(" %8" 6*+)*1." 2.67" *$'" 2.68" =,/+," =(&("
/$.(:*&*76(;"N6)(&$*)/0(652" 3$.*)3&*)('" %9/1("2.70" *$'" /)."OB)%.56*)(" %9/1("2.71"=(&("
.5$),(./?('" ./$+(" /)" =*." &(:%&)('" ),*)" B3$.*)3&*)('" %9/1(." 3$'(&-%" M(+41*$$"
&(*&&*$-(1($)" /$"=,/+," ),("*6456"1/-&*)/%$"'%(."$%)"%++3&"%$" ),(" .:DB B+*&7%$"=,/+,"
.,%36'"6(*'")%"),("8%&1*)/%$"%8"2.72;YH">,("(9:(+)('"6*+)*1")%"7("8%&1('"=%36'"),($"7("
&('3+('" )%" 8%&1"),("+5+6/+"*1/$("2.64;"W$%$("2.692" .5$),(./?('"8&%1"*$"(6/1/$*)/%$"%8"
7&%1%4()%$("3./$-" 6/),/31"7&%1/'("*$'":%)*../31"+*&7%$*)(2"=*."+%$0(&)('" )%" ),("OB
1(),56" %9/1(" *$'" =*." .37C(+)('" )%" ),(" LbT6DB+*)*65?('" M(+41*$$" &(*&&*$-(1($)" )%"
-/0(" 3$.*)3&*)('" 6*+)*1."2.72" *." ),("1*C%&" :&%'3+);"I%=(0(&2" /$" .%1(" +*.(." ),(" &*)/%"
7()=(($"3$.*)3&*)('" 6*+)*1"2.72" *$'"2.73" *&("$%)"+%$./.)($);" #$"*''/)/%$2" ),(.(" 6*+)*1."
6/4("2.67"*$'"2.68"=(&("/$.(:*&*76(;"]/),"),(":&%76(1."*..%+/*)('"=/),"),(".5$),(./."%8"
),(.("+%1:%3$'."*))($)/%$"=*."&(8%+3.('"%$"%),(&"'(&/0*)/0(.;"
 
 
 
 
 
 
 
 
[Z"
Scheme 2–12a" L5$),(.(."%8"a*+)*1."2.67"*$'"2.68"
"
"
 aR(*-($)."*$'"+%$'/)/%$.^"@*A"<TT2"./6/+*"-(62"OTV2"&)2"D",2"\Ec"@7A"XIDbI" "IT62"
X*bN+2"V(bI2"IDb2"!!K"%T2"G",;"@+A"i;"LbT6D2"BZ["%T"ii;"X*bI"@'A"i;"<TT2"./6/+*"-(62"
OTV2"&)2"D",2"\Ec"ii;"THIHX" "IM&E2"TIETbbI2"HK"%T2"&)2"YHc"iii;"a/M&2"a/DTbE2"OVd2"
!ZH"%T2"E",;"ZYc"@(A"XIDbI" "IT62"X*bN+2"V(bI2"IDb2"!!K"%T2"G",;2"!KKc"@8A"pB>.T62"
:5&/'/$(2"&)2"E",;2"J3*$)/)*)/0("@-A"i;"LbT6D2"BZ["%T"ii;"X*bI2"E[c;"
 
Q/0($"),*)":%6*&".37.)/)3($)."*&("$%)")%6(&*)('"%$"),("O"&/$-2"),("/$+%&:%&*)/%$"%8"
136)/:6(" :%6*&" -&%3:." %$" N" &/$-" =*." /$0(.)/-*)(';" >,/." 1*5" 6(*'" )%" 136)/:6(" :%6*&"
+%$)*+)."=/)," ),(" ($?51(" *$'" ),(&(8%&(" -&(*)(&" :%)($+5;" #$" .3::%&)" )%" ),/." ,5:%),(./.2"
*$%),(&"*1/$%.)(&%/'" /'($)/8/('"*."*"LI#<" /$,/7/)%&" 8&%1"I>L" /."XLTHGEGK"2.74;">,/."
1%6(+36("6(*'.")%"),("'(./-$"8%&"),(".5$),(./."%8"*1/$%*6+%,%6."2.75"*$'"2.76;"@Figure 2–
21A"
"
"
Figure 2–21;"" XLTHGEGK"2.74"*$'"N1/$%*6+%,%6."2.75"*$'"2.76;"
"
[["
>,(" .5$),(.(." %8" ),(.(" *1/$%*6+%,%6." +%11($+('" 8&%1" 4$%=$" 4()%$(" 2.65"
@Scheme 2–13A;">,("4()%$("2.65"=*.".37C(+)('")%"*"&(-/%.(6(+)/0("*$'"'/*.)(&(%.(6(+)/0("
7&%1/$*)/%$"3./$-":5&/'/$/31")&/7&%1/'(YY")%"-/0(" 7&%1/'("2.77;">&(*)1($)"%8"),("
7&%1/'("2.77"=/),".%'/31"*?/'("/$"'/1(),568%&1*1/'("@OVdA"*88%&'('" *?/'("2.78;"
>,(" &(.36)/$-" .)(&(%+,(1/.)&5" %8" ),(" *?/'(" /." 6/4(65" ),(&1%'5$*1/+*665" +%$)&%66('"=/),"
(:/1(&/?*)/%$"7(/$-"8*+/6("3$'(&"),("&(*+)/%$"+%$'/)/%$.;YZ"
"
Scheme 2–13a" L5$),(./."%8"N?/'%4()%$("2.78"
aR(*-($)."*$'"+%$'/)/%$.^"@*A"<TT2"./6/+*"-(62"OTV2"&)2"D",2"\Ec"@7A"THIHX" "IM&E2"
TIETbbI2"HK"%T2"&)2"YHc"@+A"X*XE2"OVd2"D",2"D["%T2"[Kc;"
"
F()%$("@2.78A"=*."&('3+('")%" ),("*6+%,%6"3)/6/?/$-".(0(&*6" &('3+/$-":&%)%+%6."*."
.,%=$" /$" Table 2–4;" V%.)" %8" ),(" :&%)%+%6." -*0(" 1%'(&*)(" 5/(6'." *$'" 1/9)3&(." %8"
*?/'%*6+%,%6."2.79"*$'"2.80;"N."(9:(+)('"=,($"7%&%,5'&/'("&('3+/$-"*-($)."=(&("3.('"
2.80"=*." 8%&1('":&(8(&($)/*6652" *$'"=,($"aB.(6(+)&/'("=*."3.('" *." ),(",5'&/'(" .%3&+("
2.79"=*."),(":&('%1/$*$)":&%'3+);"I5'&/'(".%3&+(.".3+,"*."X*MIG"*$'"a/MIG":&(8(&")%"
'(6/0(&" ),(",5'&/'(" ),&%3-,"*$"*9/*6"*))*+4" )%" 8%&1"*$"(J3*)%&/*6"*6+%,%6" 6/4("2.80;">,("
)&*$./)/%$" .)*)(" 8%&" *9/*6" *))*+4" 1/$/1/?(." ),(" )%&./%$*6" .)&*/$" /$" ),(" )&*$./)/%$" .)*)(2"
8*0%&/$-"8%&1*)/%$"%8"),("(J3*)%&/*6"*6+%,%6;"b$"),("%),(&",*$'2",5'&/'(".%3&+(.".3+,"*."
aB.(6(+)&/'(" :&(8(&" )%" '(6/0(&" ),(" ,5'&/'(" ),&%3-," *$" (J3*)%&/*6" *))*+4" 8%&1/$-" *9/*6"
*6+%,%6"2.79;">,/."*0%/'." .)(&/+" /$)(&*+)/%$."7()=(($" ),("73645",5'&/'(" &(*-($)"*$'" ),("
*9/*6",5'&%-($"%$"TBD"*$'"1(),56".37.)/)3($)"/$"TB!K;""
[\"
" """""" """""""""""""""""""""""""""""""""""""""
"
Entry Hydride Source Solvent t Time Yield Ratio 
!" a/MIG" >Id^1(),*$%6" K"%T" GH"1/$" B" GD^H["
D" X*MIG" OTV^1(),*$%6" BZ["%T" D"," GDc" EH^YH"
E" aB.(6(+)&/'(" >Id" BZ["%T" D"," Y[c" r\H^H"
"O()(&1/$('"75"XVRP"#.%6*)('"
"
Table 2–4; R('3+)/%$"%8"F()%$("@2.79A;"
"
" #$"%&'(&")%"0(&/85"%3&"/$/)/*6"*../-$1($)."%8"),("*9/*6"*$'"(J3*)%&/*6"*6+%,%6."2.79"
*$'" 2.80" =(" )3&$('" )%" *$*65./." %8" ),(" !I" XVR" +%3:6/$-" +%$.)*$).;" S$8%&)3$*)(652"
*$*65./."%8"),("+%3:6/$-"+%$.)*$)."%8"),("*1/$%*6+%,%6."=*."+%1:6/+*)('"75"),("+%3:6/$-"
%8"),("*6+%,%6":&%)%$."*$'"%0(&6*::/$-":(*4.;""#$"%&'(&")%".,/8)"),(",5'&%-($"$(9)")%"),("
*6+%,%6"'%=$8/(6'"*$'"1/$/1/?("),("3$'(./&('"+%3:6/$-.2"),("*+()*)("%8"*6+%,%6."2.79"*$'"
2.80"=(&(".5$),(./?('"@Scheme 2–14A;"
"
Scheme 2–14a" N+56*)/%$"%8"N6+%,%6"@2.81A"
 
aR(*-($)."*$'"+%$'/)/%$.^"@*A"2.822":5&/'/$(2"&)2"DG",;" "
"
N$*65./." %8" ),(" %7.(&0('" +%3:6/$-" +%$.)*$)." 8%&" ),(" *+()*)(" '(&/0*)/0(" %8"
*?/'%*6+%,%6"2.79".,%=('"),*)"1(),/$(":&%)%$"*'C*+($)")%"),("*?/'("83$+)/%$*6/)5"@H1A"/."
/$"*$"*9/*6":%./)/%$"'3(")%"),("%$("6*&-("@J"p"!D;["I?A"*$'")=%".1*66"+%3:6/$-"+%$.)*$)."@J"
p"G;E2"E;E"I?A"%7.(&0('"/$"),("!I"XVR".:(+)&*;"I%=(0(&2"'()(&1/$*)/%$"%8"),("+%3:6/$-"
\K"
+%$.)*$)."8%&"),("1(),/$(":&%)%$"*'C*+($)")%"),("*+()*)("-&%3:"@H2A"=*."'/88/+36)"7(+*3.("
%8"),("%7.(&0('"7&%*'"136)/:6/+/)5;">,/."/."+%$./.)($)"=/),"*$"(J3*)%&/*6"%&/($)*)/%$"%8"),/."
:&%)%$" *." /)" =%36'" ,*0(" ),&((" +%3:6/$-" +%$.)*$)." %8" *" ./1/6*&" 73)" '/88(&($)" 1*-$/)3'("
=,/+,"1*5"6(*'")%"*"+%1:6(9"./-$*6"/$"),("!I"XVR;"M%),"1(),/$(":&%)%$."H1 *$'"H2"%8"
),("*+()*)("'(&/0*)/0("%8"*?/'%*6+%,%6"2.80 .,%=('")=%"6*&-("+%3:6/$-"+%$.)*$).2"=/),"J"p"
!D;Y2" !K;D"I?" *$'" J" p" !!;!" *$'" !K;D"I?2" &(.:(+)/0(65;" >,/." /1:6/(." ),*)" 7%),"1(),/$("
:&%)%$."*&("/$"*$"*9/*6"%&/($)*)/%$;">,(.("*$*65.(."+%$8/&1"),(".)(&(%+,(1/+*6"%3)+%1("%8"
),("&('3+)/%$"&(*+)/%$"*."=(66"*."+%$8/&1*)/%$"),*)"(:/1(&/?*)/%$"*)"),("TBD":%./)/%$"'/'"
$%)"%++3&;"
"
"
"
"
Figure 2–22;" O()(&1/$*)/%$"%8"TBD"*$'"TBE"L)(&(%+,(1/.)&5"%8"N?/'%*6+%,%6"2.79 *$' 
2.80"S./$-"T%3:6/$-"T%$.)*$);"
" "
N?/'%*6+%,%6."2.79" *$'"2.80"=(&(" &('3+('" 3./$-"aNI" *$'" ),(" &(.36)('" *1/$(."
=(&(" )&(*)('"=/),",5'&%-($"+,6%&/'(" /$"'/(),56"(),(&" )%"8%&1"*1/$(".*6)."2.86"*$'"2.872"
&(.:(+)/0(652"*.".,%=$"/$"Scheme 2–15;""
 
 
 
\!"
Scheme 2–15a" L5$),(./."%8"N1/$%*6+%,%6."2.86"*$'"2.87"
"
"
aR(*-($)."*$'"+%$'/)/%$.^"@*A"X*MIG2"TIEbI2"OTV2"BZ["%T2"D",2"Y[c"@EH^YHA"@7A"
aNI2">Id2"[K"%T2"G","@+A"IT62"W)Db2"&)2"!K"1/$;"@HK"c"%0(&"D".)(:.A"@'A"aNI2">Id2"[K"
%T2"G","@(A"IT62"W)Db2"&)2"!K"1/$;"@YD"c"%0(&"D".)(:.A;"
"
" M/%6%-/+*6"(0*63*)/%$"%8"),("*1/$(".*6)."@2.86"*$'"2.87A"3./$-"),("1*6*+,/)("-&(($"
*..*5" .,%=('" ),*)" 7%)," %8" ),(.(" +%1:%3$'." ,*0(" /1:&%0('" LI#<!" /$,/7/)%&5" *+)/0/)5"
+%1:*&('" )%" 2.9" @Table 2–5A;" M%)," ,5'&%+,6%&/'(" .*6)." 2.86" *$'" 2.87" .,%=('" 7())(&"
/$,/7/)%&5"*+)/0/)5")%=*&'."LI#<!"+%1:*&('")%"2.9; #$"*''/)/%$2"LI#<D"/$,/7/)/%$"%8"),(.("
1%6(+36(."=*."*6.%"(0*63*)('"3./$-"),(".*1("*..*5;"L3&:&/./$-652"2.86"*$'"2.87".,%=('"
7())(&":%)($+5"*-*/$.)"LI#<D"+%1:*&('")%"2.9"=/),"[E;[c"*$'"HE;Gc"LI#<D"c/$,/7/)/%$2"
&(.:(+)/0(65;" >,(.(" '*)*" .,%=" ),*)" ),(" *1/$%.)(&%/'" +6*.." %8" /$,/7/)%&." =/66" $%)" *66" 7("
LI#<!".(6(+)/0("/$,/7/)%&.2"73)"'(:($'/$-"%$"),(":*))(&$"%8"),("83$+)/%$*6"-&%3:"%$"),("N"
&/$-"),(5"1*5"7(":*$"LI#<!eLI#<D"/$,/7/)%&.;"#$"*''/)/%$2"),(.("1%6(+36(.".,%=('"7())(&"
.%637/6/)5" +%1:*&('" )%" 2.9;" N1/$(,5'&%+,6%&/'(" .*6)." 2.86" *$'" 2.87" =(&(" .%6376(" /$"
1/9)3&("%8"OVLb"*$'"IDb"@[K^DKA"*$'",%)"IDb2"&(.:(+)/0(65;"
"
"
"
"
"
\D"
Compound Solubility 
%Inhibition* 
SHIP1  SHIP2 
 
[K^DK"OVLb^IDb" Y[;Zc" [E;[c"
 
I%)"IDb" Y!;Gc" HE;Gc"
W)bI" HK;\c" E!;[c"
*O()(&1/$('"*)"!"1V"T%$+($)&*)/%$"S./$-"V*6*+,/)("Q&(($"N..*5"
"
Table 2–5;  T%1:*&/.%$ %8 L%637/6/)5" *$'" LI#<!" *$'" LI#<D" c#$,/7/)/%$" %8"
N1/$("I5'&%+,6%&/'("L*6)."2.862"2.87 *$'"2.9;YG}"
"
N))(1:)."=(&("*6.%"1*'(")%".5$),(./?("),("+%&&(.:%$'/$-"'/*1/$(."6/4("2.47;">,("
.5$),(./."%8"),(.("1%6(+36(."=(&("8/&.)"*))(1:)('"3./$-"*?/'%4()%$("2.78"@Scheme 2–16A;"
>,("*?/'%4()%$("2.78"=*."+%$0(&)('")%"),("*?/'%"%9/1("2.88"3./$-",5'&%956*1/$(;">,("
*?/'("+%36'"),($"7("&('3+('"3./$-"*"L)*3'/$-(&"&(*+)/%$"8%66%=('"75"*"7%&*$("&('3+)/%$"
%8"),("%9/1("=,/+,"=%36'"*88%&'"),("'(./&('"'/*1/$("2.47;Y[">,("&('3+)/%$"%8"),("*?/'("
@2.88A" 3./$-" )&/:,($56:,%.:,/$(" *$'"=*)(&" *88%&'('"2.90;"I%=(0(&2" ),(" &(1%0*6" %8" ),("
)&/:,($56:,%.:,/$("%9/'(2"*"75:&%'3+)"%8" ),("L)*3'/$-(&"&(*+)/%$2"=*."0(&5"'/88/+36);" #$"
*''/)/%$2"8366"+%$0(&./%$"%8"),("*?/'(")%"),("*1/$("=*."$%)"%7.(&0('"=,/+,"/$'/+*)(."),*)"
),("L)*3'/$-(&"&(*+)/%$"'%(."$%)"-%")%"+%1:6()/%$;">,/."=*.".3::%&)('"75"),("+%$0(&./%$"
}"" >,("cLI#<!"*$'"cLI#<D"/$,/7/)/%$"%8" ),("1%6(+36(."=(&("'()(&1/$('"),&%3-,"
1*6*+,/)("-&(($"*..*5"+%$'3+)('"75"N1*$'*"M*6+,"8&%1"LSX`"S:.)*)("V('/+*6"
S$/0(&./)5;"
\E"
%8" ),(" *1/$%%9/1(" )%" ),("'/,5'&%+,6%&/'(" .*6)"2.91" ),*)" -*0("%$65"!Zc"5/(6'"%0(&" )=%"
.)(:.;"
"
Scheme 2–16a d/&.)"Q($(&*)/%$"L5$),(./."%8"cisBO/*1/$("2.47"
 
"
"
aR(*-($)." *$'"+%$'/)/%$.^" @*A"TIEbXID" Ä"IT62":5&/'/$(2" &)2" DG",2"Z[c"@7A" i;"<<,E2"
IDb2">Id2"&)2"G["," ii;"MIEB>Id2"&)" "Z["%T2"!;H","@+A"IT62"W)Db2"&)2"!K"1/$"@'A"<<,E2"
IDb2">Id2"&)2"G[",2"G!c"@(A"IT62"W)Db2"&)2"!K"1/$2"!Zc"%0(&"D".)(:."8&%1"2.88;"
"
N".(+%$'" &%3)(" )%" ),("'/*1/$("2.47" +%36'"7("($0/./%$('" 8&%1"2.80" @Scheme 2–
16A;" >,(" *?/'%*6+%,%6" 2.80" +*$" 7(" )&*$.8%&1('" )%" ),(" cisB'/*?/'(" 3./$-" *" V/).%$%73"
&(*+)/%$" )%" +%$0(&)" ),(" *6+%,%6" )%" ),(" *?/'(2" ,%=(0(&" ),/." 1(),%'%6%-5" 1*5" $%)" 7("
+%1:*)/76("=/),"),(".37.)&*)("./$+("),(")&/:,($56:,%.:,/$("&(*+)."=/),"),("*?/'("1%/()5;"
#$" *''/)/%$2" ),(" 3.(" %8" *" '/&(+)" +%$0(&./%$" %8" *6+%,%6." )%" *?/'(." 3./$-" '/:,($56"
:,%.:,%&*?/'*)("*$'"OMSY\"=*."(9:6%&(';"N6),%3-,".)*&)/$-"1*)(&/*6"=*."+%$.31('2"$%"
'(./&('"*$'"/'($)/8/*76(":&%'3+)"+%36'"7("/.%6*)(';"
>,("*6+%,%6"@2.80A"=*."),($"+%$0(&)('")%"),("1(.56*)("2.92;"N))(1:).")%"+%$0(&)"
),("*6+%,%6" )%" /)." )%.56*)("=(&("*6.%"*))(1:)('2",%=(0(&" ),("&(*+)/%$"'/'"$%)":&%+(('" )%"
8366" +%$0(&./%$2" :%../765"'3(" )%" .)(&/+" 8*+)%&."=/)," ),(" &(6*)/0(65",/$'(&('" *6+%,%6;">,("
\G"
1(.56*)(" 2.92" =*." ),($" '/.:6*+('" =/)," *?/'(" 3./$-" LXD" +%$'/)/%$.;" L(0(&*6" :&%)%+%6."
=(&(" (9:6%&('" 8%&" ),(" +%$0(&./%$" %8" 1(.56*)(" 2.92" )%" ),(" cisB'/*?/'(" 2.93" =,/+," *&("
.,%=$"/$"Table 2–6; #.%6*)/%$"*$'":3&/8/+*)/%$"%8"2.93"3./$-"./6/+*"-(6"+,&%1*)%-&*:,5"
.((1('" )%" '(+%1:%.(" '3&/$-" ./6/+*" -(6" +,&%1*)%-&*:,5;" >,3.2" +%$'/)/%$." ),*)" =%36'"
:&%0/'(" &(6*)/0(65":3&("2.93" *8)(&"=%&4B3:"=/),"$%" 83&),(&":3&/8/+*)/%$"=(&("$(+(..*&5;"
R(*+)/%$"%8"2.92"=/),"G"(J3/0*6($)."%8" .%'/31"*?/'(" /$"OVd"*)"\K" %T" 8%&"DK","-*0("*"
-%%'"5/(6'"%8"2.93;">,/.":&%+('3&("@W$)&5"HA"3.(."1/6'(&"&(*+)/%$"+%$'/)/%$.")%"),("8/&.)"
*))(1:)"@W$)&5"!A;"a*.)652"aNI"&('3+)/%$"8%66%=('"75"&(*+)/%$"=/),",5'&%-($"+,6%&/'("/$"
'/(),56"(),(&"*88%&'('"),("'(./&('"cisB'/*1/$(".*6)"2.89;"
"
Scheme 2–17a" L(+%$'"Q($(&*)/%$"L5$),(./."%8"O/*1/$("2.47"
"
"
aR(*-($)."*$'"+%$'/)/%$.^"@*A"V.T62":5&/'/$(2"&)2"DG",2"\Dc"@7A"X*XE2"OVd2"!KK"%T2"
DK",2"\Kc"@+A" @<,bAD<bXE2"OMS2"K"%T" )%" &)2"![","@'A"aNI2">Id2"&(86392"G","@'A"IT62"
W)Db2"&)2"!K"1/$2"ZZc"%0(&"D".)(:.;"
"
"
"
\H"
"
"
Entry Sodium Azide (equiv) Solvent t Time % conversion % yield 
!" D" OVd" &(8639" H"," !KKc" B"
D" D" OVLb" \K"%T" H"," Kc" B"
E" !;D" OVLb" D["%T" D"," Kc" B"
G" G" OVd" !KK"%T" DE"," !KKc" [Dc"
H" D" OVd" !KK"%T" DK"," !KKc" \Kc"
"
Table 2–6;" L5$),(./."%8"cisBO/*?/'("2.93;"
"
N"./1/6*&".)&*)(-5"=*."3.('")%".5$),(./?("),("transB'/*1/$(".*6)"2.96;"V(.56*)/%$"
%8"*6+%,%6"2.79"3./$-"1(),*$(.368%$56"+,6%&/'("/$":5&/'/$(":&%0/'('"2.94"/$"-%%'"5/(6'."
@Scheme 2–18A;">,("1(.56*)("2.94"=*." ),($"+%$0(&)('" )%" ),(" transB'/*?/'("2.95; a/4("
2.932" .(0(&*6" +%$'/)/%$.2" *." .,%=$" /$" Table 2–7" =(&(" (0*63*)('" )%" %:)/1/?(" ),/."
)&*$.8%&1*)/%$;"R(*+)/%$"%8"2.94"=/),"D"(J3/0*6($)."%8".%'/31"*?/'("/$"OVLb"*)"\K"%T"
:&%0/'('" :3&(" 2.95" =/)," $%" +,&%1*)%-&*:,5" $(('(';" aNI" &('3+)/%$" 8%66%=('" 75" *"
&(*+)/%$" %8" ),(" &(.36)/$-" '/*1/$("=/)," *" .%63)/%$" %8" ,5'&%-($" +,6%&/'(" /$" '/(),56" (),(&"
:&%0/'('"),("'(./&('"transB'/*1/$(".*6)"2.97;"
 
 
 
 
 
 
 
 
 
 
 
 
\Y"
Scheme 2–18a" L5$),(./."%8"transBO/*1/$("2.96"
"
"
aR(*-($)." *$'"+%$'/)/%$.^" @*A"V.T62":5&/'/$(2" &)2"DG",2"!KKc"@7A"X*XE2"OVLb2"\K"
%T2"H",2"\Dc"@+A"aNI2">Id2"[K"%T2"G","@'A"IT62"W)Db2"&)2"!K"1/$2"!KKc"%0(&"D".)(:.;"
"
"
"
""#$".%1("+*.(2"8%&1*)/%$"%8"2.95"*$'"2.92"=(&("%7.(&0(';"n2.95^2.92"@\G^YAo"
"
Table 2–7;" L5$),(./."%8"transB'/*1/$(".*6)"2.95;"
"
" LI#<!"*$'"LI#<D"/$,/7/)%&5"*+)/0/)5"%8"'/*1/$%,5'&%+,6%&/'(".*6)."2.89"*$'"2.97 
=(&(" (0*63*)('" *$'"=*." +%1:*&('" )%"2.9;" M%)," %8" ),(.(" +%1:%3$'." .,%=('" /1:&%0('"
LI#<!" /$,/7/)/%$" +%1:*&('" )%" 2.9;" T%1:*&/.%$" %8" '/*1/$%,5'&%+,6%&/'(" .*6)" 2.89U. 
/$,/7/)%&5" *+)/0/)5" *-*/$.)" LI#<!" *$'" LI#<D" .,%=('" ),*)" /)" /." 1%&(" .(6(+)/0(" LI#<!"
/$,/7/)%&;"b$"),("%),(&",*$'2"2.97",*."*"7())(&"LI#<D"/$,/7/)%&5"*+)/0/)5"),*)".,%=."),*)"
2.97"/."*":*$"LI#<!eLI#<D"/$,/7/)%&;"
Entry Sodium Azide (equiv) Solvent t Time 
% 
conversion 
% 
yield 
!" D" OVd" &(8639" H"," !KKc" B"
D" D" OVLb" \K"%T" H"," !KKc" \Dc"
\Z"
Compound Solubility 
%Inhibition* 
SHIP1  SHIP2 
 
IDb"*)"&)" Y[;\c" Z[;Gc"
 
YK^GK"OVLb^IDb" HY;Dc" !Z;[c"
W)bI H[;Yc" E!;[c"
*O()(&1/$('"*)"!"1V"T%$+($)&*)/%$"S./$-"V*6*+,/)("Q&(($"N..*5"
"
Table 2–8;" LI#<!" *$'" LI#<D" c#$,/7/)/%$" %8" N1/$(" I5'&%+,6%&/'(" L*6)." 2.892"
2.97 *$'"2.9;YG}"
"
N))($)/%$" =*." *6.%" 8%+3.('" %$" ),(" (0*63*)/%$" %8" LI#<!" *-%$/.).;" #$)(&(.)/$-652"
LI#<" *+)." *." *" $(-*)/0(" &(-36*)%&" %8"1*.)" +(66" *$'"1*+&%:,*-(" *+)/0*)/%$2ZK" %.)(%+6*.)"
8%&1*)/%$2" &(.%&:)/0(" 83$+)/%$2Z!"*$'",*."7(($" &(:%&)('" )%"7(" )31%&".3::&(..%&" /$"*+3)("
15(6%-($%3."6(34(1/*"@NVaAZD"*$'"+,&%$/+"15(6%-($%3."6(34(1/*"@TVaA;ZE"L(6(+)/0("
*+)/0*)%&."%8"LI#<"=%36'"7("3.(836"(9:(&/1($)*6" )%%6."*$'":%)($)/*6"'&3-"+*$'/'*)(." )%"
:&%0/'(" :&%%8" %8" :&/$+/:6(" 0*6/'*)/%$" 8%&" *" $(=" *::&%*+," )%" ),(" )&(*)1($)" %8"
/$86*11*)/%$2" %.)(%:%&%./.2" *$'" 6(34(1/*;" N6),%3-," ),(&(" /." /$)(&(.)" /$" (9:6%&/$-"
),(&*:(3)/+" :%)($)/*6" %8" :,%.:,*)*.(" /$,/7/)%&.2ZG" ),(&(" ,*." 7(($" 8(=" ($'(*0%&." 8%&"
:,%.:,*)*.("*+)/0*)%&.;ZH"R(+($)652".368%$(."2.98"*$'"2.99 ,*0("7(($"/'($)/8/('"*."LI#<"
}"" >,("cLI#<!"*$'"cLI#<D"/$,/7/)/%$"%8" ),("1%6(+36(."=(&("'()(&1/$('"),&%3-,"
1*6*+,/)("-&(($"*..*5"+%$'3+)('"75"N1*$'*"M*6+,"8&%1"LSX`"S:.)*)("V('/+*6"
S$/0(&./)5;"
\["
*+)/0*)%&.;ZY" L368%$(." 2.98" *$'" 2.99 =%36'" 7( J3/)( 3.(836 )%" 0*6/'*)(" .+&(($/$-"
)(+,$/J3(."*$'"7/%6%-/+*6"*..*5.;"
"
"
"
Figure 2–23;" LI#<"N-%$/.).^"L368%$(."2.98"*$'"2.99 
"
>,(".5$),()/+".)&*)(-5"8%&".368%$("2.98"/.".,%=$"/$"Figure 2–24;"L368%$("2.98"+*$"
*&/.("8&%1"%9/'*)/%$"%8"),("d&/('(6BT&*8)."*6456*)/%$":&%'3+)"%8".368/'("2.100;">,(".368/'("
2.100 +*$"+%1("8&%1"SB*6456*)/%$"%8"7($?($(),/%6"2.102"=/),"1(.56*)("2.101; V(.56*)( 
2.101 1*5"7(".5$),(./?(' 8&%1"+%11(&+/*665"*0*/6*76(".+6*&(%6/'("2.103; >,("),/%:,($%6"
2.102"+*$"7("%7)*/$('"8&%1"),(",5'&%65./."%8"),("/$)&*1%6(+36*&"*&56"1/-&*)/%$":&%'3+)"%8"
OB),/%+*&7*1*)("'(&/0*)/0("%8"2.104;"
"
"
"
Figure 2–24;"R()&%.5$),()/+"N$*65./."%8"L368%$("2.98;"
"
>,(" .5$),(./." %8" 1(.56*)(" 2.101" 7(-*$" =/)," ),(" *''/)/%$" %8" 1(),566/),/31" )%"
6*+)%$("2.103, =,/+, ,*."7(($"&(:%&)('")%"*88%&'"),(",5'&%956"4()%$("2.105"@Scheme 2–
\\"
19A;"#$/)/*6652"M*(5(&Bl/66/-(&"%9/'*)/%$"%8"4()%$("@2.105A")%"),("(.)(&"2.106"=*."(9:6%&('"
3./$-":(&863%&%*+()/+"*+/'":&(:*&('" in situ" 8&%1" )&/863%&%*+()/+"*$,5'&/'("*$'",5'&%-($"
:(&%9/'(;">,/." &(*+)/%$",*."7(($" &(:%&)('" )%":&%0/'(" ),(":&%'3+)" /$"-%%'"5/(6'."%$" ),/."
.37.)&*)(" =,($" 7388(&('" =/)," .%'/31" 7/+*&7%$*)(;Z[" I%=(0(&2" ),(.(" +%$'/)/%$." %$65"
&(.36)('" /$" :%%&" 5/(6'." %8" 2.1062" :%../765" 7(+*3.(" ),/." 1(),%'" /." .)&%$-65" *88(+)('" 75"
1/$%&"'(0/*)/%$."/$"),("&*)/%"%8".%'/31"7/+*&7%$*)(")%")&/863%&%*+()/+"*$,5'&/'("3.(';"#8"
),(" &*)/%" /." (/),(&" -&(*)(&" ),*$2" %&" 6(.." ),*$" !^!2" ),(" 5/(6'" %8" 2.106" '&%:." '&*1*)/+*665"
7(+*3.(" %8" ),(" 8%&1('" '(,5'&*)/%$" :&%'3+)." %8"2.105" *." =(66" *." ),(" 8%&1*)/%$" %8" !DB
,5'&%:(&%95B[ 26DB(:%95B66B,%1%'&/1*$(" 2.108;ZZBZ\" N6)(&$*)/0(652" %9/'*)/%$" 3./$-"
:(&1*6(/+" *+/'" +%$./.)($)65" *88%&'('" /1:&%0('" *1%3$)." %8" 2.106;[K" O(*+()56*)/%$"
8%66%=('"75"*".(6(+)/0("1(),*$(.368%$56*)/%$"*88%&'('"),("'(./&('"1(.56*)("2.101;"
"
Scheme 2–19a" L5$),(./."%8"V(.56*)("2.101 
"
"
aR(*-($)." *$'" +%$'/)/%$.^" @*A"V(a/2" W)Db2" K" %T2" H"1/$2" Y!c" @7A" *+()/+" *$,5'&/'(2"
IDbD2"1*6(/+"*$,5'&/'(2"OTV2"K"%T")%"&)2"D[",2"YDc"@+A"FbI2"V(bI2"&)2"!",2"\Dc"@'A"
V.T62"W)EX2"OVd2"K"%T")%"&)2"E",2"[\c;"
"
"
"
!KK"
Entry Reaction Conditions Yield 
!" *;A@TdETbADb2"IDbD2"OTV2"K"
%T2"!K"1/$"
7;A"X*ITbE2"&)2"E["1/$"
!Hc"
D" *;A@TdETbADb2"IDbD2"OTV2"K"
%T2"!K"1/$"
7;A"X*ITbE2"&)2"DG","
Kc"
E" *;A@TdETbADb2"IDbD2"OTV2"K"
%T2"!K"1/$"
7;A"X*ITbE2"K"%T2"D;H","
!Zc"
G" mBT<MN2"OTV2"K"%T")%"&)2"G["," B"
H" @TIETbADb2"IDbD2"1*6(/+"*$,5'&/'(2"OTV2"K"%T")%"&)2"D["," YDc"
Table 2–9;  M*(5(&Bl/66/-(&"b9/'*)/%$"%8"F()%$("2.105;"
Figure 2–25;" !DBI5'&%:(&%95B[ 26DB(:%95B66B,%1%'&/1*$("2.108;"
"
M($?($(),/%6" 2.102" =*." :&(:*&('" 8&%1" +%11(&+/*665" *0*/6*76(" E2HB
'/1(),%95:,($%6"2.104;"OBN6456*)/%$"%8"2.104"=/),"N2NB'/1(),56),/%+*&7*156"+,6%&/'("
3./$-".%'/31",5'&/'("/$"OVd"*88%&'('"),("OB),/%+*&7*1*)("2.109;"T%$0(&./%$"%8"2.109"
/$)%" ),(" SB),/%+*&7*1*)(" 2.110 =*. :(&8%&1(' 3./$-" X(=1*$BF=*&)" &(*&&*$-(1($)"
@XFRA2" *$" /$)&*1%6(+36*&" *&56" 1/-&*)/%$;" >,(" XFR" =*." :(&8%&1('" $(*)" *)" ,/-,"
)(1:(&*)3&(" @rEKK" %TA2"*$'" ),(&(8%&(".(0(&*6"1(),%'."=(&("(9:6%&('" )%" 8/$'"1%&("1/6'"
&(*+)/%$" +%$'/)/%$.;" <*66*'/31" +*)*65./.[!" %8" ),("XFR" ,*." 7(($" &(:%&)('2" ,%=(0(&" ),/."
!K!"
%$65" -*0(" .1*66" +%$0(&./%$" )%" ),(" :&%'3+)" =/)," ),/." .37.)&*)(;" N$%),(&" :%../76("
*6)(&$*)/0("/."),("3.("%8"1/+&%=*0(".5$),(./.2[DB[E",%=(0(&2"/)",*."$%)"5()"7(($"*))(1:)('"
7(+*3.("%8"),("3$*0*/6*7/6/)5"%8"1/+&%=*0("&(*+)%&;"I5'&%65./."%8"2.110"-*0("),("'(./&('"
),/%:,($%6"2.102;"
 
Scheme 2–20a" L5$),(./."%8"M($?($(),/%6"2.102"
"
"
aR(*-($)."*$'"+%$'/)/%$.^"@*A"N2NB'/1(),56),/%+*&7%156"+,6%&/'(2"X*I2"OVd2"K"%T"
)%"ZK"%T2"!",2"YYc"@7A"rEKK"%T2"G",2"ZGc"@+A"FbI2"V(bI2"&(86392"E",2"H[c;"
"
>,("1(.56*)("2.101 =*."+%3:6('"=/),"7($?($(),/%6"2.102 3./$-"+(./31"+*&7%$*)("
/$"*+()%$/)&/6(")%"*88%&'".368/'("2.100;">/$"@#lA"+,6%&/'("@L$T6GA"+*)*65?('"/$)&*1%6(+36*&"
d&/('(6BT&*8)."*6456*)/%$" 8%66%=('"75"%9/'*)/%$"3./$-"mB+,6%&%:(&%957($?%/+"*+/'" @mB
T<MNA"*88%&'('"),("'(./&('".368%$("2.98;ZY"@Scheme 2–21A"
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
!KD"
Scheme 2–21a" L5$),(./."%8"L368%$("2.98"
"
"
aR(*-($)." *$'" +%$'/)/%$.^" @*A" T.DTbE2" TIETX2" &)" )%" &(86392" DH" ,2" EZc" @7A" L$T6G2"
OTV2"BZ["%T")%"K"%T")%"&)2"G",2"ZKc"@+A"mBT<MN2"OTV2"&)2"D",2"J3*$)/)*)/0(;"
"
" I%=(0(&2" .37C(+)/$-" .368%$(" 2.98" /$" 1*6*+,/)(" -&(($" *..*5" =*." :&%76(1*)/+"
7(+*3.(" %8" ),(" %7.(&0('" :&(+/:/)*)/%$" %8" ),(" 1%6(+36(" 8&%1" OVLb;" M(+*3.(" %8" ),/.2"
*))(1:)."=(&("1*'(")%".5$),(./?(".368%$("2.99"),&%3-,"'(:&%)(+)/%$"%8"),("1(),56"(),(&.;"
>,(" 8%&1*)/%$" %8" ),(" '(./&('" 2.99" =*." %7.(&0('P" ,%=(0(&" :3&/8/+*)/%$" %8" ),(" &(*+)/%$"
1/9)3&("(/),(&"),&%3-,"+%631$"+,&%1*)%-&*:,5"%&"&(+&5.)*66/?*)/%$"=*."$%)".3++(..836;"
"
Scheme 2–22a" L5$),(./."%8"L368%$("2.99 
"
 
 
aR(*-($)."*$'"+%$'/)/%$.^"@*A"MM&E2"OTV2"K"%T")%"&)2"G[",;"
"
"
"
 
!KE"
Conclusion 
 
 N1/$%.)(&%/'" XLTDE\DD" 2.52" *" 1/9)3&(" %8" B" *$'" B*1/$%+,%6(.)*$("
,5'&%+,6%&/'("%7)*/$(' 8&%1"XT#2"=*." /'($)/8/('"*."*".(6(+)/0("LI#<!" /$,/7/)%&;"LI#<!"
/$,/7/)/%$" %8" 2.5" .,%=('" *$" /$+&(*.(" /$" ),(" $317(&" %8"V#R" +(66.2" &('3+('" :&/1/$-" %8"
,31*$"*$'"&%'($)"*66%-($(/+">"+(66" &(.:%$.(.2" /$+&(*.('":&%'3+)/%$"%8"15(6%/'"+(66." /$"
),("*7.($+("%8":$(31%$/*"*$'"63$-"+%$.%6/'*)/%$2"*$'"&('3+('".3&0/0*6"%8".(0(&*6",31*$"
76%%'"+*$+(&"+(66.;"
M%)," ),(" B" *$'" B*1/$%+,%6(.)*$(" ,5'&%+,6%&/'(." @2.9" *$'" 2.13A" =(&("
.5$),(./?('"3./$-"'/,5'&%+,%6(.)(&%6"*$'"=(&("(0*63*)('"8%&"),(/&"LI#<!"/$,/7/)/%$"3./$-"
),("V*6*+,/)("Q&(($"*..*5;"M%),"2.9"*$'"2.13" .,%=('":%)($)" /$,/7/)%&5"*+)/0/)5"*-*/$.)"
LI#<!;"I%=(0(&2"%$65"2.9"=*."3.('"8%&"in vivo".)3'/(."7(+*3.("%8"),("6%=(&".%637/6/)5"%8"
2.13"/$"(),*$%6;">&(*)1($)"%8".376(),*665"/&&*'/*)('"1/+("=/),"2.9".,%=('"*$"/$+&(*.("/$"
RMT" *." =(66" *." 8*.)(&" *$'" &%73.)" &(+%0(&5" %8" $(3)&%:,/6.2" :6*)(6().2" ]MT2" *$'"
651:,%+5)(.;"#$"*''/)/%$2")&(*)1($)"%8"2.9"*6.%".,%=('"&('3+)/%$"%8",31*$"76%%'"+*$+(&"
+(66." ),&%3-," *:%:)%./.2" =,/+," =*." '()(&1/$('" 75"](.)(&$" 76%))/$-;" >31%&" 9($%-&*8)"
1%'(6." %8"VV" &(0(*6('" )&(*)1($)" %8"2.9" ./-$/8/+*$)65" *7&%-*)(."VV" )31%&" -&%=)," in 
vivo;"a*.)652")&(*)1($)"%8"2.9"/$"1/+("'/'"$%)".,%="*$5"./-$/8/+*$)"1%&7/'/)52"1%&)*6/)5"%&"
=(/-,)" 6%.." *$'" $%" (0/'($+(" %8" :*),%6%-5" /$" 1*C%&" %&-*$." =,/+," ENT" *$'" LI#<!"
/$,/7/)/%$"=/),".1*66"1%6(+36(."+%36'"7("*".*8("*$'"(88(+)/0(")&(*)1($)"8%&"VV;"
L(0(&*6" '(&/0*)/0(." %8"2.9" .3+," *." 83$+)/%$*6/?('" *1/$(" *$'"'/88(&($)" 83$+)/%$*6"
-&%3:."*)"),("TBE":%./)/%$"%8"),(".)(&%/'"$3+6(3."=(&(".5$),(./?('")%".)3'5"),("(88(+)"%8"
),(.(" +,*$-(." %$" ),(" .)&3+)3&(" =/)," ),(" 7/%6%-/+*6" *+)/0/)5;" I%=(0(&2" $%$(" %8" ),(.("
1%6(+36(.".,%=('"/1:&%0('"%&"*$5"LI#<!"/$,/7/)%&5"*+)/0/)52"=,/+,"/$'/+*)('"),*)"*"8&(("
!KG"
*1/$("%&"*1/$(".*6)" /."$(+(..*&5" 8%&" ),("(9,/7/)('" /$,/7/)%&5"*+)/0/)5;" #$"*''/)/%$2" ),(.("
1%6(+36(."*6.%".,%=('"6%=(&".%637/6/)5"/$"(),*$%6"=,/+,"6('")%"),("'(./-$"%8"1%6(+36(."
=/),"/1:&%0('".%637/6/)5"*$'"-&(*)(&"'&3-6/4($(.."4((:/$-"/$"1/$'"a/:/$.4/U."&36(.;"
V%&(" .%6376(" '(&/0*)/0(." %8" 2.9" .3+," *." 2.52" *$'" 2.57" =(&(" .5$),(./?('" 3./$-"
transB*$'&%.)(&%$(" 2.48" *." .)*&)/$-" 1*)(&/*6;" N1/$(,5'&%+,6%&/'(" 2.57" .,%=('" $%"
/$,/7/)%&5"*+)/0/)5"*-*/$.)"LI#<"*$'"%$"),("%),(&",*$'2"2.52".,%=('"*$"/1:&%0('"*+)/0/)5"
*-*/$.)"LI#<"+%1:*&('" )%"2.9"=,/+,"=*."'()(&1/$('"=/),"1*6*+,/)("-&(($"*..*5;">,3."
.3--(.)/$-"),*)" /$+%&:%&*)/%$"%8":%6*&"83$+)/%$*6"-&%3:."/$"&/$-"O"&(.36)." )%"'(+&(*.("/$"
/$,/7/)/%$")%=*&'."LI#<"=,/+,"6(*'.")%"),(",5:%),(./."),*)"),(".)(&%/'"N"&/$-"/."/$"*":%6*&"
:%&)/%$"%8" ),("7/$'/$-":%+4()"*$'" ),("O"&/$-" /." /$"*"$%$:%6*&":%&)/%$;" #$"*''/)/%$2"2.52"
.,%=('"-&(*)(&":%)($+5"/$"4/66/$-"76%%'"+*$+(&"+(66."*."=(66"*."/$'3+/$-"),("8%&1*)/%$"%8"
V#R"+(66."in vivo;"
>,(" '/*.)(&(%1(&" %8" 2.52" ,5'&%+,6%&/'(" .*6)2" 2.61" *$'" /)." +%&&(.:%$'/$-" +/)&*)("
.*6)"2.62"=(&("*6.%".5$),(./?(';">,(.("+%1:%3$'.".,%=('"7())(&".%637/6/)5".3+,"*."2.61"
=*." .%6376(" /$",%)"IDb;"T%1:*&/.%$"%8" ),("LI#<!" /$,/7/)/%$"%8"2.52" *$'"2.61 .,%=('"
),*)"),(/&"*+)/0/)5"/."+%1:*&*76("),3."(.)*76/.,/$-"),*)"),("'/88(&($+("/$"/$,/7/)%&5"*+)/0/)5"
%8"),(":*&($)"+%1:%3$'."2.9"*$'"2.13"/."1%.)"6/4(65"'3(")%"),(/&"'/88(&($+("/$".%637/6/)5"
),*$"),(".)(&(%+,(1/.)&5"=,/+,"/.".3::%&)('"75"),("(9,/7/)('"LI#<"/$,/7/)%&5"*+)/0/)5"%8"
),("1%&(".%6376("+/)&*)("2.62;"#$"*''/)/%$2""
L5$),(.(." %8" 1%6(+36(." =/)," 136)/:6(" :%6*&" -&%3:." /$" &/$-" N" .3+," *."
,5'&%95*1/$(,5'&%+,6%&/'(." 2.86" *$'" 2.87" *$'" '/*1/$(,5'&%+,6%&/'(." 2.89" *$'" 2.97""
=(&(" *6.%" +%$'3+)(';" N." (9:(+)('2" ),(.(" 1%6(+36(." =(&(" 1%&(" .%6376(" ),*$" 2.9;"
L3&:&/./$-652" 2.87" *$'" 2.89" =(&(" .%6376(" /$" IDb;" W0*63*)/%$" %8" ),(/&" LI#<" /$,/7/)%&5"
!KH"
*+)/0/)5"3./$-"1*6*+,/)("-&(($"*..*5".,%=('"7())(&":%)($+5"*-*/$.)"LI#<!"/$"+%1:*&/.%$"
)%" 2.9;" I%=(0(&" /$" +%$)&*.)" )%" ),(" LI#<!" .(6(+)/0/)5" .,%=('" 75" 2.92"
,5'&%95*1/$(,5'&%+,6%&/'("2.86"*$'"'/*1/$(,5'&%+,6%&/'("2.89"=(&(":*$"LI#<!eLI#<D"
/$,/7/)%&"=,/+,"*&("*6.%"(9,/7/)('"75"2.61;"
" a*.)652"),(".5$),(./."%8".368%$("2.982"=,/+,"=*."/'($)/8/('"*."LI#<"*+)/0*)%&.2"=*."
*6.%" +%$'3+)(';" L(6(+)/0(" LI#<" *+)/0*)%&." =%36'" 7(" 3.(836" (9:(&/1($)*6" )%%6." *$'"
:%)($)/*6" '&3-" +*$'/'*)(." 8%&" )&(*)1($)" %8" /$86*11*)/%$2" %.)(%:%&%./.2" *$'" 6(34(1/*;"
L368%$(" 2.98" =/66" 7(" 3.('" )%" 0*6/'*)(" .+&(($/$-" )(+,$/J3(." *$'" 7/%6%-/+*6" *..*5." 8%&"
/'($)/8/+*)/%$" %8" :%)($)/*6" LI#<!" *-%$/.).;" I%=(0(&2" 7/%6%-/+*6" (0*63*)/%$" %8" ),/."
1%6(+36("3./$-"1*6*+,/)("-&(($"*..*5"7(+*1("+,*66($-/$-"7(+*3.("%8"),("6%=".%637/6/)5"
/$"=*)(&2"OVLb2"*$'"(),*$%6;"
 
Future Work 
 
 d3)3&("=%&4"=/66"/$0%60("in vitro".)3'/(."=/),",31*$"+*$+(&"+(66."%$"),("/'($)/8/('"
LI#<!"/$,/7/)%&."*."=(66"*."1%6(+36(."),*)"*&(":*$"LI#<!eLI#<D"/$,/7/)%&.;"#$"*''/)/%$2"
in vivo".)3'/(."/$"1/+("=/66"7("+%$'3+)('":*&)/+36*&65"8%&"+%1:%3$'."),*)".,%="),("7(.)"
:%)($+5"/$"),("+(66"6/$("*..*5.;"
" #$"*''/)/%$2"'(./-$"*$'".5$),(.(."%8"*1/$%.)(&%/'"'(&/0*)/0(."=/),":%)($)/*6"LI#<"
/$,/7/)%&5" *+)/0/)5" =/66" +%$)/$3(;" <%../76(" +%1:%3$'." ),*)" +*$" 7(" .5$),(./?('" *&("
+%1:%3$'."=/),":%6*&"83$+)/%$*6"-&%3:."/$+%&:%&*)('"/$"&/$-"M"*$'"&/$-"T"%8"),(".)(&%/'"
$3+6(3." *." =(66" *." +%1:%3$'." +%$)*/$/$-" :%6*&" 83$+)/%$*6" -&%3:." %$" TB!" *$'" TBH"
:%./)/%$.;">,(.("1%6(+36(."1*5"7("*76(")%":&%0/'("/$8%&1*)/%$"%$",%="(9)($)"),(":%6*&"
7/$'/$-":%+4()"%8"LI#<!; 
!KY"
a*.)652" .5$),(./." %8" ),(" %),(&" /'($)/8/('" LI#<" *-%$/.)" .368%$(" 2.99" =/66" 7("
:3&.3(';"OW":&%)(+)/%$"%8" ),("1(),56"(),(&" @2.111A"3./$-"7%&%$" )&/7&%1/'("8%66%=('"75"
mBT<MN"%9/'*)/%$"1*5"*88%&'"),("'(./&('".368%$("2.99;ZY"@Scheme 2–23A"
Scheme 2–23a" L5$),(./."%8"L368%$("2.99"
"
"
"
aR(*-($)."*$'"+%$'/)/%$.^"@*A"MM&E2"OTV2"K"%T")%"&)2"G[",;"@7A"mBT<MN2"OTV2"&)2"D"
,;"
Experimental Section 
 
General Experimental Procedure 
 
Reactions: W9+(:)" *." %),(&=/.(" $%)('2" &(*+)/%$." =(&(" +*&&/('" %3)" 3$'(&" *$" *&-%$"
*)1%.:,(&(" /$" *$" %0($B" %&" 86*1(B'&/('" -6*..=*&(;" d6*.4." =(&(" 86*1(" '&/('" 3$'(&" *"
.)&(*1"%8"$/)&%-($"%&"*&-%$"%&"3$'(&"0*+331;"<5&/'/$(2")%63($(2"*$'")&/(),56*1/$("=(&("
'/.)/66('" 8&%1" +*6+/31" ,5'&/'(;" R(*+)/%$" .%60($)." =(&(" '&/('" 75" *" .%60($)" :3&/8/+*)/%$"
*::*&*)3."@7($?($(2"'/+,6%&%1(),*$("@OTVA2")()&*,5'&%83&*$"@>IdA2"'/(),56"(),(&A"3./$-"
*631/$*"*."),("'&5/$-"*-($);"N66"%),(&"&(*-($)."=(&("&(*-($)"-&*'("*$'"=(&(":3&/8/('"*."
$(+(..*&5;" 
 
Methods: N$*65)/+*6" ),/$" 6*5(&" +,&%1*)%-&*:,5" @>aTA" =*." :(&8%&1('" 3./$-" DHK" 1"
+%11(&+/*6"./6/+*"-(6":6*)(."@WVO"T,(1/+*6.2"./6/+*"-(6"YK"dDHGA"*$'"0/.3*6/?('"75"Sl"
/6631/$*)/%$" %&" 75" (9:%.3&(" )%" :%)*../31" :(&1*$-*$*)(" %&" pB*$/.*6'(,5'(" .%63)/%$"
8%66%=('" 75" ,(*)/$-" 3./$-" *" ,(*)" -3$;" d6*.," +,&%1*)%-&*:,5" =*." +*&&/('" 3./$-"
+%11(&+/*665"*0*/6*76("GKBYK" 1"./6/+*"-(6"@L/6/+5+6(A;"
"
Identity:" V(6)/$-" :%/$)." =(&(" &(+%&'('" 3./$-" *$" W6(+)&%),(&1*6Å" V(6)/$-" <%/$)"
N::*&*)3."*$'"WiBV(6)"N3)%1*)('"V(6)/$-"<%/$)"N::*&*)3."/$"%:($"+*:/66*&/(."*$'"*&("
3$+%&&(+)(';" #$8&*&('" .:(+)&*" =(&(" %7)*/$('" 3./$-" >,(&1%" X/+%6()" #R!KK" *$'" #RDKK"
.:(+)&%1()(&.;"<&%)%$"*$'"+*&7%$"$3+6(*&"1*-$()/+" &(.%$*$+(" @!I"*$'" !ET"XVRA"=(&("
!KZ"
&(+%&'('"3./$-"M&34(&"O<_BEKK".:(+)&%1()(&;"T,(1/+*6".,/8)."*&("&(:%&)('"/$"'(6)*"@ A"
3$/).2"'%=$8/(6'"8&%1")()&*1(),56./6*$("@>VLA"=/),"&(8(&($+(")%"&(./'3*6".%60($)."TOT6E"
@!I^" Z;DYP" !ET^" ZZ;DEA2" TOEbO" @!I^" G;Z[P" !ET^" G\;!HA" *$'" @TOEADLb" @!I^" D;HKP" !ET^"
E\;H!A;" T%3:6/$-" +%$.)*$)." *&(" &(:%&)('" /$" I(&)?" @I?A;" W6(+)&%$" /1:*+)" *$'" ,/-,B
&(.%63)/%$" 1*.." .:(+)&*" =*." %7)*/$('" 8&%1" *" M&34(&" !D" N<W_" Bk(" d>#TRBVL"
/$.)&31($)"=/),"*$"N:%66%"##"/%$".%3&+("/$"),("T%66(-("%8"L+/($+("V*C%&"#$.)&31($)*)/%$"
@TbLV#TA" *)" b6'" O%1/$/%$" S$/0(&./)5" *)" X%&),8%642" lN" DEHD\;" W6(1($)*6" N$*65./."
'*)*"=*."%7)*/$('"8&%1"*"T*&6%"W&7*"W6(1($)*6"N$*65?(&"!!K["/$"N)6*$)/+"V/+&%6*7"#$+;2"
/$"X%&+&%..2"QN"EKKZ!;"
 
Experimental 
"
 
3 –Azido–5 –cholestane (2.7) 
 
Lit;"Ref;^" a*62" M*$./P" <&*1*$/42" M/&($'&*" X;P" V*$,*.2" V;" L;P" M%.(2" NC*5" F;"
Tetrahedron Lett;"19772"232"!\ZZB"!\[K; 
"
#$"*" &%3$'"7%))%1"86*.42"H B+,%6(.)*$BE B%6"2.6" @E;KK"-2"Z;ZD"11%6A"=*."'/..%60('" /$"
>Id"@ZZ"1aA;">&/:,($56:,%.:,/$("@D;KD"-2"Z;ZD"11%6A"=*."*''('"/$)%"),("+6(*&".%63)/%$"
8%66%=('" 75" '//.%:&%:56" *?%'/+*&7%956*)(" @O#NOA" @!;HK" 1a2" Z;ZD" 11%6A;"
O/:,($56:,%.:,%&56"*?/'("@!;YZ"11%62"Z;ZD"11%6A"=*."),($"*''('"'&%:=/.("%0(&"*7%3)"
DK"1/$;">,("&(.36)/$-" 6/-,)"5(66%=".%63)/%$"=*.".)/&&('"+%$)/$3%3.65"*)" &)" 8%&"DG",;">,("
&(*+)/%$"1/9)3&("=*." +%$+'"3$'(&" &('3+('":&(..3&(" *$'" ),(" &(./'3("=*.":3&/8/('"3./$-"
86*.," +%631$" +,&%1*)%-&*:,5" =/)," HKc" 7($?($(" /$" ,(9*$(" )%" *88%&'" B*?/'(" 2.7" *."
=,/)(".%6/'"@D;H!"-2"Z\cA;"
2.7;"1;:;"p"GY;ZBG\;\"%T"@OTVA"@a/)^[G"HKBHD"%TAP">aT"Rf"p"K;\D"@,(9*$(^7($?($(2"!^!AP"
#R"@FM&A"D\ED2"D[YY2"DK[Z2"!GH[2"!E[!2"!DYH"+1B!P"!I"XVR"@EKK"VI?2"TOT6EA" "E;[["
@)2"J"p"D;Z"I?2"!IA2"!;\Y"@)'2"J"p"Y;E2"E;E"I?2"!IA2"!;ZHB!;[["@12"!IA2"!;YYB!;Z!"@12"DIA2"
!;Y!B!;YH"@12"!IA2"!;HEB!;H["@12"!IA2"!;GHB!;H!"@12"GIA2"!;GKB!;G!"@12"!IA2"!;EKB!;EZ"
!K["
@12"HIA2"!;DHB!;D["@12"DIA2"!;!ZB!;DD"@12"GIA2"!;K\B!;!H"@12"GIA2"!;KY"@.2"!IA2"K;\[B
!;KE"@12"EIA2"K;\K"@'2"J"p"Y;Z"I?2"EIA2"K;[Z"@'2"J"p"!;G"I?2"EIA2"K;[H"@'2"J"p"!;G"I?2"EIA2"
K;Z["@.2"EIA2"K;Y[BK;ZY"@12"!IA2"K;YG"@.2"EIAP"!ET"XVR"@ZH"VI?2"TOT6EA" "H[;G2"HY;Z2"
HY;G2"HG;E2"GD;[2"GK;D2"GK;D2"E\;Z2"EY;G2"EY;!2"EY;K2"EH;Y2"EE;!2"ED;[2"ED;!2"D[;H2"D[;G2"D[;D2"
DH;[2"DG;G2"DG;!2"DE;K2"DD;[2"D!;K2"![;\2"!D;E2"!!;[;"
"
3 –Amino–5 –cholestane (2.8) 
 
Lit;"Ref;^" L3-*$',/2" W;" ];P" L6(7%'$/+42" T;P" d*64/$,*12" t;" b;P" Q*$'%3&2" R;" O;"
Steroids"20072"722"Y!HBYDY;"
 
#$"&%3$'"7%))%1"86*.42"6/),/31"*631/$31",5'&/'("@aNIA"@K;HG"-2"!H;K"11%62"\HcA"=*."
.3.:($'('"/$">Id"@!H"1aA;">,(".3.:($./%$"=*."+%%6('"*)"K"%T"3./$-"/+(e=*)(&"+%6'"7*),"
7(8%&("*''/$-"*".%63)/%$"%8" B*?/'("2.7"@!;[["-2"G;HG"11%6A"/$">Id"@G"1aA;">,(".%63)/%$"
=*."=*&1('")%"&)"*$'"=*."),($"&(8639('"8%&"G",;">,("&(*+)/%$"1/9)3&("=*."*66%=('")%"+%%6"
)%" &)" 7(8%&(" '/63)/$-" ),(" .%63)/%$"=/),">Id" @!\"1aA;">,(" '/63)('" &(*+)/%$"1/9)3&("=*."
+%%6('"*)"K"%T"*$'"J3($+,('"3./$-"),("d/(.(&"1(),%'[H"75"*''/$-"+%6'"=*)(&"@!;YD"1aA2"
.%'/31" ,5'&%9/'(" .%63)/%$" @!;YD" 1a2" !Hc" /$" =*)(&A" *$'" +%6'" =*)(&" @K;HG" 1aA2"
.3++(../0(65;">,(" &(*+)/%$"1/9)3&("=*." .)/&&('"+%$)/$3%3.65"3$)/6" /)" )3&$('" /$)%"*"1/645"
=,/)(" .3.:($./%$;">,(" .%63)/%$"=*." ),($" 8/6)(&('" ),&%3-," +(6/)(" *$'"=*.,('"=/),">Id;"
>,("8/6)&*)("=*."'&/('"%0(&".%'/31".368*)("*$'"+%$+'"3$'(&"&('3+('":&(..3&(")%"*88%&'" –
*1/$("2.8"@!;ZH"-2"\\cA"*."=,/)(".%6/';"X%"83&),(&":3&/8/+*)/%$"=*."$(+(..*&5;"
2.8;"1;:;"p"ZD;GBZ[;K"%T"@OTVA"P">aT"Rf"p"K;GK"@OTV^1(),*$%6^*11%$/31",5'&%9/'(2"
\K^\^!AP" #R" @FM&A" EGG\2" D\ED2" D[YZ2" D[HK2" !GYZ2" !E[D" +1B!P" !I" XVR" @EKK" VI?2"
TOT6EA" E;!H"@7.2"!IA2"!;\G"@)'2"J"p"Y;!2"E;D"I?2"!IA2"!;Y\B!;[H"@12"DIA2"!;YEB!;YZ"@12"
!IA2"!;H\B!;YD"@12"!IA2"!;D\B!;H["@12"!DIA2"!;D!B!;DY"@12"DIA2"!;KZB!;DK"@12"[IA2"!;KE"
@.2"!IA2"K;\HB!;KK"@12"DIA2"K;[Z"@'2"J"p"Y;Y"I?2"EIA2"K;[H"@.2"EIA2"K;[E"@.2"EIA2"K;ZH"@.2"
EIA2" K;YYBK;Z!" @12" !IA2" K;YD" @.2" EIAP" !ET"XVR" @ZH"VI?2"TOT6EA" " HY;[2" HY;G2" HG;Z2"
!K\"
GY;K2"GD;[2"GK;D2"E\;Z2"E\;G2"EY;H2"EY;G2"EY;G2"EY;K2"EH;Z2"ED;E2"ED;E2"D\;E2"D[;\2"D[;G2"D[;D2"
DG;G2"DG;K2"DE;K2"DD;[2"D!;K2"![;\2"!D;E2"!!;H;"
"
3 –Amino–5 –cholestane hydrochloride (2.9) 
 
N".%63)/%$"%8",5'&%-($"+,6%&/'("/$"'/(),56"(),(&"@H;!Y"1a2"!K;ED"11%62"D;K"V"/$"'/(),56"
(),(&A"=*."*''('" /$)%" ),("+6(*&".%63)/%$"%8" –*1/$("2.8" @D;KK"-2"H;!Y"11%6A" /$"'/(),56"
(),(&" @!KE" 1aA" =,/+," &(.36)('" /$)%" ),(" 8%&1*)/%$" %8" *" =,/)(" .3.:($./%$;" >,(" =,/)("
:&(+/:/)*)("=*."8/6)(&('"),&%3-,"0*+331"*$'"=*.,('"=/),"'/(),56"(),(&;"l*+331"'&5/$-"
*88%&'('",5'&%+,6%&/'("2.9"@D;!H"-2"\\cA;"
2.9;"1;:;"p"DYD;\" @'(+;A" @'/(),56" (),(&AP" #R" @FM&A" EEGY2" D\EK2" D[YY2" !YK[2" !G\[2" !E[D"
+1B!P"!I"XVR"@EKK"VI?2"TOT6EA" "@7.2"!IA2"E;EZ"@7.2"!IA2"!;\G"@'2"J"p"!K;["I?2"
!IA2"!;ZKB!;[Y"@12"DIA2"!;Y!B!;YY"@12"DIA2"!;GZB!;HY"@12"YIA2"!;EKB!;GK"@12"ZIA2"!;DHB
!;DZ"@12"!IA2"!;!ZB!;D!"@12"GIA2"!;!KB!;!E"@12"GIA2"K;\EB!;KG"@12"HIA2"K;[["@'2"J"p"Y;H"
I?2"EIA2"K;[Y"@'2"J"p"!;E"I?2"EIA2"K;[G"@'2"J"p"!;E"I?2"EIA2"K;ZZ"@.2"EIA2"K;YE"@.2"EIAP"!ET"
XVR"@ZH"VI?2"TOT6EA" "HY;H2"HY;D2"HE;K2"G[;K2"GD;[2"E\;\2"E\;Z2"E[;\2"EY;G2"EY;D2"EY;D2"
EH;Z2" ED;K2" E!;Y2" E!;H2" D[;H2" D[;D2" DG;\2" DG;G2" DG;E2" DE;K2" DD;[2" D!;K2" !\;K2" !D;D2" !!;Y;"
IRVL"@WL#A"m/?"+*6+36*)('"8%&"TDZIHKXj"@VjA^"E[[;E\E[;"d%3$'^"E[[;E\EED;"N$*6;"+*6+'"
8%&"TDZIHKT6X^"T2"ZY;GYP"I2"!!;[[P"X2"E;EK;"d%3$'^"T2"ZY;DHP"I2"!!;\[P"X2"E;EE;"
"
"
"
"
"
"
"
!!K"
3 –Iodo–5 –cholestane (2.10) 
 
Lit;"Ref;^" a%/7$(&2"I;P"i7/&*62"W; Helv;"Chim;"Acta"19762"592"D!KKBDK!E; 
 
N".%63)/%$"%8"O#NO"@K;HH"1a2"D;[E"11%6A"/$"7($?($("@Y"1aA"=*."*''('"'&%:=/.("/$)%"*"
.%63)/%$"%8"H B+,%6(.)*$BE B%6"2.6"@!;KK"-2"D;HZ"11%6A"*$'")&/:,($56:,%.:,/$("@K;ZG"-2"
D;[E"11%6A"/$"7($?($("@!G"1aA;">,("&(.36)/$-"5(66%=".%63)/%$"=*.".)/&&('"+%$)/$3%3.65"
*)" &);"N8)(&" *::&%9/1*)(65"!H"1/$2" *" .%63)/%$"%8" /%'%1(),*$(" @K;!["1a2"D;[E"11%6A" /$"
7($?($(" @Y" 1aA" =*." *''('" /$" *" '&%:=/.(" 8*.,/%$" *8)(&" =,/+," ),(" .%63)/%$" =*."
+%$)/$3%3.65" .)/&&('" *)" &)" 8%&" DG" ,;" >,(" &(*+)/%$" 1/9)3&(" =*." +%$+'" 3$'(&" &('3+('"
:&(..3&(" *$'" ),(" +%$+($)&*)("=*." :3&/8/('" ),&%3-," 86*.," +%631$" +,&%1*)%-&*:,5" 3./$-"
HKc"7($?($(" /$" ,(9*$(" *." (63($)" )%" *88%&'" B/%'% 2.10" @!;!K"-2" [YcA" *." *$"%88"=,/)("
.%6/';"
2.10;"1;:;" p" !K[;DB!!K;K" %T" @OTVAP" >aT"Rf" p" K;\H" @,(9*$(^7($?($(2" !^!AP" #R" @FM&A"
D\EY2" D[YG2" !GGH2" !DGD2" \YG2" GZG" +1B!P" !I"XVR" @EKK"VI?2"TOT6EA" " @.2" !IA2"
!;\GBD;KK"@12"!IA2"!;[ZB!;[\"@12"!IA2"!;ZYB!;[H"@12"!IA2"!;YHB!;ZD"@12"EIA2"!;Y!B!;YG"
@12"!IA2"!;G[B!;H["@12"HIA2"!;GH"@'2"J"p"E;K"I?2"!IA2"!;E!B!;GK"@12"HIA2"!;K\B!;!G"@12"
GIA2"!;![B!;!\"@12"!IA2"!;KZ"@.2"!IA2"!;KHB!;KK"@12"EIA2"K;\GBK;\["@12"!IA2"K;\K"@'2"J"p"
Y;H"I?2"EIA2"K;[Z"@'2"J"p"!;E"I?2"EIA2"K;[H"@'2"J"p"!;E"I?2"EIA2"K;Z\"@.2"EIA2"K;YH"@.2"EIAP"
!ET"XVR"@ZH"VI?2"TOT6EA" "HY;Y2"HY;H2"HG;K2"GD;[2"GD;D2"GK;D2"E\;Z2"E\;K2"E[;H2"EY;Z2"
EY;G2"EY;K2"EH;Y2"EG;Y2"ED;\2"ED;K2"D[;H2"D[;D2"D[;K2"DG;G2"DG;!2"DE;!2"DD;[2"D!;K2"![;\2"!E;Y2"
!D;E;"
"
"
!!!"
"
3 –Azido–5 –cholestane (2.11) 
 
#$"*" &%3$'"7%))%1"86*.42" B/%'/'("2.10" @!;!K"-2"D;D!"11%6A"*$'".%'/31"*?/'(" @!;GG"-2"
DD;!"11%6A"=(&(".3.:($'('"/$"OVLb"@HH"1aA;">,(".3.:($./%$"=*."),($"=*&1('")%"\K"
%T;"N8)(&"*::&%9/1*)(65"H",2" ),(" &(*+)/%$"1/9)3&("=*."+%%6('" )%" &)"7(8%&("*''/$-"=*)(&"
@HH"1aA;">,(".%63)/%$"=*."(9)&*+)('"=/),"'/(),56"(),(&"@E"9"HK"1aA"*$'"*66"%&-*$/+"6*5(&."
=(&(" +%17/$('2" +%66(+)('2"=*.,('"%0(&" 7&/$(" .%63)/%$" @E"9"HK"1aA2" '&/('"%0(&" .%'/31"
.368*)(2"*$'"+%$+'"3$'(&"&('3+('":&(..3&(;"<3&/8/+*)/%$"%8"),("&(./'3("3./$-"86*.,"+%631$"
+,&%1*)%-&*:,5"=/),",(9*$("*." (63($)" *88%&'('" B*?/'("2.11" @K;[E"-2"\!cA"*." *"=,/)("
.%6/';"
2.11;"1;:;"p"HH;ZBH\;\"%T"@OTVAP">aT"Rf"p"K;\K"@,(9*$(AP"#R"@FM&A"D\E!2"D[HK2"DK\!2"
!GY[2"!DHY2"!!ZD"+1B!P"!I"XVR"@EKK"VI?2"TOT6EA" E;DKBE;E!"@12"!IA2"!;\Y"@)'2"J"p"
H;\2"E;G"I?2"!IA2"!;Z[B!;[H"@12"DIA2"!;ZEB!;ZH"@12"!IA2"!;YEB!;ZK"@12"!IA2"!;HEB!;Y!"
@12"EIA2"!;G\B!;H!"@12"!IA2"!;GDB!;GZ"@12"DIA2"!;DGB!;EZ"@12"\IA2"!;!ZB!;DD"@12"!IA2"
!;!YB!;!["@12"YIA2"!;KGB!;KZ"@12"!IA2"K;\YB!;KD"@12"EIA2"K;[\"@'2"J"p"Y;Y"I?2"EIA2"K;[Z"
@'2"J"p"!;G"I?2"EIA2"K;[H"@'2"J"p"!;G"I?2"EIA2"K;[K"@.2"EIA2"K;YY"@.2"EIAP"!ET"XVR"@ZH"
VI?2"TOT6EA" "YK;[2"HY;Y2"HY;G2"HG;G2"GH;G2"GD;Z2"GK;!2"E\;Z2"EZ;E2"EY;E2"EH;\2"EH;Y2"EH;Y2"
EG;D2"ED;!2"D[;Z2"D[;G2"D[;D2"DZ;[2"DG;E2"DG;K2"DE;K2"DD;Z2"D!;E2"![;[2"!D;G2"!D;D;"
"
"
"
"
"
"
"
!!D"
"
3 –Amino–5 –cholestane (2.12) 
 
N".3.:($./%$"%8"aNI"@K;DH"-2"Y;GK"11%62"\HcA"/$">Id"@Y"1aA"=*."+%%6('"*)"K"%T"3./$-"
*$"/+(e=*)(&"7*),;" BN?/'("2.11"@K;Z\"-2"!;\!"11%6A"/$">Id"@D"1aA"=*."*''('"/$)%"),("
+%%6('" .3.:($./%$;" >,(" .%63)/%$" =*." .)/&&('" +%$)/$3%3.65" *." /)" =*&1('" 3:" *)" &);" N"
&(8639/$-" 3$/)" =*." *''('" *$'" ),(" &(*+)/%$"=*." ,(*)('" )%" &(8639" *)" ZY" %T" 8%&" G" ,;" >,("
&(*+)/%$"1/9)3&("=*."+%%6('")%"&)2"'/63)('"=/),">Id"@["1aA2"+%%6('")%"K"%T"*$'"J3($+,('"
3./$-"),("d/(.(&"1(),%';[H">,("&(.36)/$-"1/645"=,/)(".%63)/%$"=*."8/6)(&('"),&%3-,"+(6/)("
*$'" =*.,('" =/)," >Id;" >,(" 8/6)&*)(" =*." '&/('" %0(&" .%'/31" .368*)(" *$'" +%$+'" 3$'(&"
&('3+('":&(..3&(")%":&%0/'("*".%6/'"&(./'3(;"<3&/8/+*)/%$"3./$-"./6/+*"-(6"+,&%1*)%-&*:,5"
=/),"!KBDKc"1(),*$%6"/$"OTV"*."(63($)"8%66%=('"75"!c")&/(),56*1/$("/$"1(),*$%6"*."
(63($)"*88%&'('" B*1/$("2.12"@K;GH"-2"Y!cA"*."=,/)(".%6/';"
2.12;" >aT" Rf" p" K;ED" @OTV^1(),*$%6^*11%$/31" ,5'&%9/'(2" \K^\^!AP" !I" XVR" @EKK"
VI?2"TOT6EA" "D;H\BD;YZ" @12"!IA2"!;\H" @)'2"J"p"Y;D2"E;D"I?2"!IA2"!;ZGB!;[Y" @12"!IA2"
!;YKB!;Z!"@12"HIA2"!;HHB!;HZ"@12"!IA2"!;G\B!;HG"@12"DIA2"!;GGB!;GZ"@12"!IA2"!;E[B!;GD"
@12"!IA2"!;D[B!;EG"@12"GIA2"!;DKB!;DY"@12"GIA2"!;KGB!;!Z"@12"\IA2"K;\HB!;K!"@12"EIA2"
K;[\"@'2"J"p"Y;Y"I?2"EIA2"K;[Z"@'2"J"p"!;G"I?2"EIA2"K;[G"@'2"J"p"!;E"I?2"EIA2"K;ZZ"@.2"EIA2"
K;YY"@.2"EIAP"!ET"XVR"@ZH"VI?2"TOT6EA" "YK;[2"HY;Y2"HY;G2"HG;G2"GH;G2"GD;Z2"GK;!2"E\;Z2"
EZ;E2"EY;E2"EH;\2"EH;Y2"EH;Y2"EG;D2"ED;!2"D[;Z2"D[;G2"D[;D2"DZ;[2"DG;E2"DG;K2"DE;K2"DD;Z2"D!;E2"
![;[2"!D;G2"!D;D; 
 
 
 
 
!!E"
"
3 –Amino–5 –cholestane hydrochloride (2.13) 
 
>,(" B*1/$("2.12"@K;D["-2"K;ZD"11%6A"=*."'/..%60('"/$"TIT6E"@!H"1aA;"O&5",5'&%-($"
+,6%&/'(" -*.2" :&%'3+('" 8&%1" &(*+)/$-" +*6+/31" +,6%&/'("=/)," +%$+'" ,5'&%+,6%&/+" *+/'2E["
=*.":3&-('"/$)%"),(".%63)/%$"&(.36)/$-"/$"),("8%&1*)/%$"%8"*":&(+/:/)*)(;">,(".%63)/%$"=*."
8/6)(&('" *$'" ),(" :&(+/:/)*)(" =*." +%66(+)('2" =*.,('" =/)," '/(),56" (),(&2" *$'" '&/('" 3$'(&"
0*+331")%"*88%&'"*1/$(".*6)"2.13"@K;!\"-2"YEcA"*."*$"%88B=,/)(".%6/';"
2.13;"1;:;"p"DEK;G"%T"@'(+;A"@TIT6EAP"#R"@FM&A"EGDE2"D\EE2"D[YY2"!YK[2"!HKD2"!E[E"+1B
!P"!I"XVR"@EKK"VI?2"TOT6EA" "[;D\"@7.2"EIA2"E;!D"@7.2"!IA2"!;Z\BD;K!"@12"DIA2"!;Z!B
!;Z\" @12"GIA2"!;YYB!;Y[" @12"!IA2"!;YDB!;YG" @12"!IA2"!;H[" @.2"DIA2"!;HE" @.2"!IA2"!;GZB
!;H!"@12"DIA2"!;GDB!;GH"@12"!IA2"!;D[B!;EG"@12"YIA2"!;D!B!;DH"@12"DIA2"!;KHB!;!!"@12"
YIA2"!;KKB!;K!"@12"DIA2"K;\YBK;\Z"@12"!IA2"K;[\"@'2"J"p"Y;Y"I?2"EIA2"K;[Z"@'2"J"p"!;E"I?2"
EIA2"K;[H"@'2"J"p"!;D"I?2"EIA2"K;[D"@.2"EIA2"K;YG"@.2"EIAP"!ET"XVR"@ZH"VI?2"TOEbOA" "
HZ;\2"HZ;[2"HH;Y2"H!;\2"GY;D2"GE;\2"G!;H2"GK;\2"EZ;\2"EZ;H2"EZ;E2"EY;\2"EY;Y2"EG;!2"EE;D2"D\;Z2"
D\;H2"D\;E2"DZ;Z2"DH;G2"DH;!2"DE;G2"DE;!2"DD;G2"!\;G2"!D;Z;"
 
3 –Amino–5 –cholestane citrate (2.16) 
#$"*"86*1("'&/('"HK"1a"&%3$'"7%))%1"86*.42"*1/$("2.8"@K;DK"-2"K;HD"11%6A"=*."'/..%60('"
/$">Id"@!"1aA;"N".%63)/%$"%8"+/)&/+"*+/'"2.10" @K;!K"-2"K;HD"11%6A" /$">Id"@!"1aA"=*."
*''('" )%" ),("*1/$(".%63)/%$"*$'" ),("&(.36)/$-".3.:($./%$"=*."+%$)/$3%3.65".)/&&('"*)" &);"
!!G"
N8)(&"!\",2"),("&(.36)/$-".%6/'"/."8/6)(&('"*$'"=*.,('"%0(&">Id")%"*88%&'"+/)&*)("2.16"@K;DY"
-2"[ZcA;
2.16;"#R"@FM&A"EGGK2"D\EH2"D[YZ2"!Z!\2"!Y![2"!DEG"+1B!P"!I"XVR"@EKK"VI?2"OVLbA" "
E;H["@J2"!I2"J"p"K;["I?A2"E;E["@7.2"!IA2"!;\D"@'2"J"p"!!;G"I?2"!IA2"!;YZB!;Z["@12"EIA2"
!;H\B!;YE"@12"DIA2"!;E\B!;HG"@12"YIA2"!;DGB!;EY"@12"YIA2"!;KEB!;D!"@12"!IA2"K;\!BK;\\"
@12"EIA2"K;[Y"@'2"J"p"Y;D"I?2"EIA2"K;[E"@.2"EIA2"K;[!"@.2"EIA2"K;ZE"@.2"EIA2"K;Y!"@.2"EIA;"
"
3 –Acetamido–5 –cholestane (2.17) 
"
>,(" B*1/$("2.8"@K;D\"-2"K;ZH"11%6A"=*."'/..%60('"/$">Id"@D;D!"1aA"/$"*"&%3$'"7%))%1"
86*.4;">&/(),56*1/$("@K;!D"1a2"K;\K"11%6A"=*."*''('"'&%:=/.("*$'"),("&(.36)/$-".%63)/%$"
=*."+%%6('")%"K"%T;"N+()56"+,6%&/'("2.112"@K;KY"1a2"K;[E"11%6A"=*."*''('"'&%:=/.("/$)%"
),("+%%6('".%63)/%$"=,/+,"&(.36)('"%$"),("8%&1*)/%$"%8"=,/)(":&(+/:/)*)(;">,("1/645"=,/)("
.3.:($./%$" =*." .)/&&('" +%$)/$3%3.65" 8%&" !H" 1/$" *)" K" %T" 7(8%&(" *66%=/$-" ),(" &(*+)/%$"
1/9)3&(")%"=*&1"3:")%"&);"OTV"@H"1aA"=*."*''('"*$'"),("'/63)('".%63)/%$"=*."=*.,('"
=/)," *J3(%3." ,5'&%+,6%&/+" *+/'" .%63)/%$" @!K"1a2" !"VA2" 7&/$(" @!K"1aA2" *$'"=*)(&" @!K"
1aA;" >,(" %&-*$/+" 6*5(&" =*." +%66(+)('2" '&/('" %0(&" .%'/31" .368*)(2" *$'" +%$+'" 3$'(&"
&('3+('" :&(..3&(;" R(+&5.)*66/?*)/%$" %8" ),(" .%6/'" &(./'3(" 3./$-" (),56" *6+%,%6" *88%&'('"
*1/'("2.17"@K;DD"-2"YH"cA"*."%88"=,/)(".%6/';""
2.17;"1;:;" p" DKE;YBD!D;[" %T" @(),56" *6+%,%6AP" #R" @FM&A" EDYE2" EKY\2" D\DZ2" D[YG2" D[GY2"
!YEH"+1B!P"!I"XVR"@EKK"VI?2"TOT6EA" "H;Z!"@7.2"!IA2"G;!E"@7.2"!IA2"!;\\"@.2"EIA2"!;\Y"
@)2"J"p"E;K"I?2"!IA2"!;Z\"@1"!IA2"!;YKB!;YH"@12"DIA2"!;GHB!;YK"@12"ZIA2"!;E!B!;EY"@12"
YIA2"!;DZB!;D["@12"!IA2"!;KEB!;KG"@12"DIA2"K;\YB!;KK"@12"HIA2"K;\GBK;\Y"@12"!IA2"K;[Z"
@.2"J"p"!;D"I?2"EIA2"K;[H"@'2"J"p"!;D"I?2"EIA2"K;[K"@.2"EIA2"K;Y[BK;ZE"@12"!IA2"K;YH"@.2"
EIAP"!ET"XVR"@ZH"VI?2"TOT6EA" "!Y\;G2"HY;Z2"HY;G2"HG;Z2"GG;\2"GD;Z2"G!;K2"GK;D2"E\;Y2"
EY;E2"EY;!2"EH;\2"EH;H2"EE;E2"EE;K2"ED;!2"D[;Y2"D[;G2"D[;!2"DY;!2"DG;E2"DG;K2"DE;[2"DE;K2"DD;Z2"
DK;\2"![;[2"!D;D2"!!;Y;"
!!H"
General Procedure for 2.19 –2.30 
 
>,(" B*1/$("2.8"@!"(J3/0A"=*."'/..%60('"/$">Id"@E"1a":(&"!"11%6"%8"2.8A"/$"*"&%3$'"
7%))%1" 86*.4;">&/(),56*1/$(" @!;D" (J3/0A"=*." *''('"'&%:=/.(" *$'" ),(" &(.36)/$-" .%63)/%$"
=*." +%%6('" )%" K" %T;" N+56" +,6%&/'(" @!;!" (J3/0A" =*." *''('" '&%:=/.(" /$)%" ),(" +%%6('"
.%63)/%$;">,(" .%63)/%$"=*." .)/&&('" +%$)/$3%3.65" 8%&" !H"1/$" *)" K" %T"7(8%&(" *66%=/$-" ),("
&(*+)/%$"1/9)3&(")%"=*&1"3:")%"&);"OTV"=*."*''('"*$'"),("'/63)('".%63)/%$"=*."=*.,('"
=/),"*J3(%3.",5'&%+,6%&/+"*+/'".%63)/%$"@!"VA2"7&/$(2"*$'"=*)(&;">,("%&-*$/+"6*5(&"=*."
+%66(+)('2" '&/('" %0(&" .%'/31" .368*)(2" *$'" +%$+'" 3$'(&" &('3+('" :&(..3&(;" >,(" +&3'("
:&%'3+)"=*.":3&/8/('"75"&(+&5.)*66/?*)/%$"8&%1"(),56"*6+%,%6;""
 
N–(3 ,5 )–cholestan–2–methyl–2–propenamide (2.19) 
"
2.19;"1;:;"p"![E;KB![H;K"%T"@(),56"*6+%,%6AP"#R"@FM&A"ED\Y2"D\D\2"D[YY2"!YHD2"!Y!E2"\!D"
+1B!P" "p"jEZ;["@c"K;\K2"OTVAP"!I"XVR"@EKK"VI?2"TOT6EA" "Y;KG"@7.2"!IA2"H;YZ"
@)2"J"p"!;K"I?2"EIA2"H;ED"@J3/$)2"J"p"!;G"I?2"!"IA2"G;!Z"@7.2"!IA2"!;\["@J2"J p"K;\"I?2"EIA2"
!;ZEB!;[Y"@12"DIA2"!;YKB!;Z!"@12"GIA2"!;GHB!;H\"@12"!IA2"!;G!B!;GH"@12"!IA2"!;DZB!;E\"
@12"YIA2"!;!YB!;DY"@12"HIA2"!;KYB!;!Y"@12"ZIA2"!;KH"@7.2"!IA2"K;\[B!;KE"@12"EIA2"K;\EB
K;\Z"@12"!IA2"K;[\"@'2"J"p"Y;H"I?2"EIA2"K;[Z"@'2"J"p"!;H"I?2"EIA2"K;[D"@.2"EIA2"K;YYBK;ZD"
@12"!IA2"K;YH"@.2"EIAP"!ET"XVR"@ZH"VI?2"TOT6EA" "!YZ;[2"!GK;\2"!!\;D2"HY;[2"HY;H2"HG;[2"
GH;K2"GD;[2"G!;H2"GK;D2"E\;Z2"EY;G2"EY;E2"EY;K2"EH;Y2"EE;Y2"ED;\2"ED;D2"D[;Z2"D[;G2"D[;D2"DY;D2"
DG;G2"DG;!2"DE;K2"DD;[2"D!;K2"!\;K2"![;\2"!D;E2"!!;Z;"
"
O
DK;E
!!Y"
 
N–(3 ,5 )–cholestan–3–yl–3–phenyl–2–propenamide (2.20)
2.20; 1;:;"p"![[;YB!\D;["%T"@(),56"*6+%,%6AP"#R"@FM&A"ED[H2"EKY!2"D\E!2"!Y!H2"!DDK2"ZYZ"
+1B!P"!I"XVR"@EKK"VI?2"TOT6EA" "Z;YG"@'2"J p"!H;Y"I?2"!IA2"Z;HK"@'2"J"p"H;Y"I?2"DIA2"
Z;EE"@'2"J p"G;!"I?2"DIA2"Y;HZ"@'2"J"p"!H;Y"I?2"!IA2"Y;EZ"@'2"J p"Z;G"I?2"!IA2"G;D\"@7.2"
!IA2" !;\H" @'2"J" p" !D;K"I?2" !IA2" !;YZB!;ZH" @12" GIA2" !;GZB!;YD" @12" \IA2" !;EDB!;EH" @12"
HIA2"!;DY"@7.2"DIA2"!;!D"@7.2"GIA2"K;\YB!;KE"@12"HIA2"K;[["@.2"EIA2"K;[Y"@.2"EIA2"K;[K"@.2"
EIA2"K;YE"@.2"EIAP"!ET"XVR"@ZH"VI?2"TOT6EA"'"!YH;E2"!GK;[2"!EH;D2"!D\;Y2"!D[;\2"!DZ;\2"
!D!;H2" HY;Z2" HY;G2" HG;Y2" GH;D2" GD;Z2" G!;!2" GK;D2" E\;Z2" EY;E2" DY;D2" EH;\2" EH;H2" EE;G2" EE;!2"
ED;!2"D[;Z2"D[;G2"D[;D2"DY;E2"DG;E2"DG;K2"DE;K2"DD;Z2"DK;\2"![;[2"!D;D2"!!;Y;"
""
N–(3 ,5 )–cholestanbenzamide (2.21) 
2.21;"1;:;"p"DKZ;KBDK\;K"%T"@(),56"*6+%,%6AP"#R"@FM&A"EDYZ2"EKHY2"D\D[2"!YDZ2"!EEK2"ZDD"
+1B!P" "p"jDZ;Y"@c"Y;GY2"OTVAP"!I"XVR"@EKK"VI?2"TOT6EA" "Z;ZZ"@')2"J"p"Y;H2"!;G"
I?2"DIA2"Z;GKBZ;HD"@12"EIA2"Y;GK"@'2"J"p"Z;!"I?2"!IA2"G;ED"@7.2"!IA2"!;\["@')2"J"p"!D;D2"
E;!"I?2"!IA2"!;YGB!;ZK" @12"DIA2"!;HZB!;Y!" @12"DIA2"!;H!B!;HE" @12"DIA2"!;GZB!;G\" @12"
DIA2"!;D\B!;EH"@12"HIA2"!;D!B!;DH"@12"HIA2"!;KZB!;!E"@12"YIA2"!;KH"@7.2"!IA2"K;\YB!;KE"
@12"GIA2"K;\K"@'2"J"p"Y;H"I?2"EIA2"K;[Z"@'2"J"p"!;G"I?2"EIA2"K;[H"@'2"J"p"!;E"I?2"EIA2"K;[G"
@.2" EIA2" K;ZKBK;ZZ" @12" !IA2" K;YH" @.2" EIAP" !ET"XVR" @ZH"VI?2"TOT6EA" " !YY;\2" !EH;G2"
O
DK;[
!!Z"
!E!;G2"!EK;!2"!D[;Z2"!DZ;K2"HY;Z2"HY;H2"HG;Z2"GH;G2"GD;Z2"G!;G2"GK;D2"E\;Z2"EY;E2"EY;E2"EY;K2"
EH;Y2"EE;Y2"EE;K2"ED;!2"D[;Z2"D[;G2"D[;D2"DY;D2"DG;E2"DG;K2"DE;K2"DD;Z2"D!;K2"![;[2"!D;D2"!!;Y;"
"
N–(3 ,5 )–cholestan–2,2–dimethylpropenamide (2.22)"
 
2.22;"1;:;"p"!YZ;KB!ZK;K"%T"@(),56"*6+%,%6AP"#R"@FM&A"EEH!2"D\D[2"!YEE2"!GYZ2"!DKE2"ZGD"
+1B!P" "p"jEK;["@c"Y;KD2"OTVAP"!I"XVR"@EKK"VI?2"TOT6EA" "H;[\"@'2"J"p"[;D"I?2"
!IA2" G;KZ" @7.2" !IA2" !;\H" @')2"J" p" !D;!2" E;K"I?2" !IA2" !;Z!B!;[H" @12" DIA2" !;YZB!;Y\" @12"
!IA2"!;YDB!;YH"@12"!IA2"!;HYB!;H\"@12"DIA2"!;G\B!;HG"@12"EIA2"!;GHB!;GZ"@12"!IA2"!;EKB
!;EH" @12"HIA2"!;D!B!;DY" @12"EIA2"!;![" @.2"\IA2"!;KEB!;!!" @12"YIA2"K;\HB!;KK" @12"EIA2"
K;[Z"@'2"J"p"Y;Y"I?2"EIA2"K;[H"@'2"J"p"!;G"I?2"EIA2"K;[D"@'2"J"p"!;!"I?2"EIA2"K;Z["@.2"EIA2"
K;YE"@.2"EIAP"!ET"XVR"@ZH"VI?2"TOT6EA" "!ZZ;H2"HY;Z2"HY;H2"HG;\2"GG;G2"GD;[2"G!;Y2"GK;!2"
E\;Z2"E[;\2"EY;E2"EY;D2"EY;K2"EH;Y2"EE;Y2"ED;\2"ED;D2"D[;Z2"D[;G2"D[;D2"DZ;[2"DY;!2"DG;E2"DG;K2"
DE;K2"DD;Z2"D!;K2"![;[2"!D;E2"!!;Y;"
"
N–(3 ,5 )–cholestan–2E–propenamide (2.23) 
"
2.23;"1;:;"p"!\H;KB!\[;K"%T"@(),56"*6+%,%6AP"#R"@FM&A"ED[\2"D\E!2"D[Y\2"!YDH2"!HGE2"\ZH"
+1B!P "p"jE\;H"@c"K;YD2"OTVAP"!I"XVR"@EKK"VI?2"TOT6EA" "Y;Z\BY;[\"@12"!IA2"
H;[D"@''2"J"p"!E;H2"!;Y"I?2"!IA2"H;Y\"@'2"J"p"Z;E"I?2"!IA2"G;!\"@7.2"!IA2"!;\Z"@')2"J"p"!D;D2"
D;\"I?2"EIA2"!;[H"@''2"J"p"H;G2"!;H"I?2"EIA2"!;ZDB!;[!"@12"!IA2"!;YGB!;Y\"@12"EIA2"!;GHB
!;YK"@12"YIA2"!;EDB!;G!"@12"HIA2"!;!YB!;DH"@12"HIA2"!;!EB!;K["@12"GIA2"!;KH"@7.2"!IA2"
O
D!;Z
O
DD;D
!!["
!;KDBK;\Y"@12"GIA2"K;\K"@'2"J"p"Y;H"I?2"EIA2"K;[Z"@'2"J"p"!;D"I?2"EIA2"K;[H"@'2"J"p"!;!"I?2"
EIA2"K;[K"@.2"EIA2"K;YZBK;ZD"@12"!IA2"K;YH"@.2"EIAP"!ET"XVR"@ZH"VI?2"TOT6EA" "!YH;E2"
!E\;Z2"!DH;Z2"HY;[2"HY;H2"HG;[2"GG;[2"GD;[2"G!;E2"GK;D2"E\;Z2"EY;G2"EY;D2"EY;K2"EH;Y2"EE;H2"
EE;K2"ED;D2"D[;Z2"D[;G2"D[;D2"DY;D2"DG;E2"DG;K2"DE;K2"DD;[2"D!;K2"![;\2"!Z;\2"!D;E2"!!;Y;""
"
N–(3 ,5 )–cholestancyclopropanecarboxamide (2.24) 
"
2.24;"1;:;" p" DDE;KBDDH;K" %T" @(),56" *6+%,%6AP" #R" @FM&A" EEKD2" D\ED2" !YEE2" !HGZ2" !GHZ2"
!DE["+1B!P" "p"jEG;\"@c"E;Y[2"OTVAP"!I"XVR"@EKK"VI?2"TOT6EA" "Y;KZ"@'2"J"p"
Z;Y"I?2"!IA2"G;!E"@7.2"!IA2"!;\Y"@')2"J"p"!D;D2"D;["I?2"!IA2"!;Z!B!;[H"@12"DIA2"!;YZB!;Y\"
@12"!IA2"!;YDB!;YE"@12"DIA2"!;HYB!;HZ"@12"!IA2"!;HKB!;HE"@12"EIA2"!;GHB!;GZ"@12"!IA2"
!;EKB!;GK"@12"YIA2"!;!ZB!;DE"@12"HIA2"!;KEB!;!!"@12"YIA2"K;\ZB!;K!"@12"DIA2"K;\!BK;\H"
@12"EIA2"K;[["@'2"J"p"Y;H"I?2"EIA2"K;[H"@'2"J"p"K;Z"I?2"EIA2"K;[E"@'2"J"p"K;!"I?A2"K;Z["@.2"
EIA2"K;Y\"@'2"J"p"E;!"I?2"!IA2"K;YY"@'2"J"p"D;\"I?2"!IA2"K;YE"@.2"EIAP"!ET"XVR"@ZH"VI?2"
TOT6EA" "!ZD;Z2"HY;[2"HY;H2"HG;Z2"GG;\2"GD;Z2"G!;!2"GK;D2"E\;Z2"EY;E2"EY;D2"EY;K2"EH;Y2"EE;G2"
EE;!2"ED;D2"D[;Z2"D[;G2"D[;D2"DY;E2"DG;E2"DG;K2"DE;K2"DD;Z2"D!;K2"![;[2"!H;!2"!D;D2"!!;Y2"Z;D2"
Z;D;"
"
N–[(3 ,5 )–cholestan–3–yl]–2–trifluoroacetamide (2.25) 
"
2.25;"1;:;" p" D!E;KBD!H;K" %T" @(),56" *6+%,%6AP" #R" @FM&A" EDY[2" D\D\2" !YHD2" !HG[2" !DGG2"
!!Z!"+1B!P" "p"jG!;E"@c"E;ZG2"OTVAP"!I"XVR"@EKK"VI?2"TOT6EA" "Y;D["@''2"J"p"
O
DE;G
O
DD;[
!!\"
!H;D2"!;Z"I?2"!IA2"Y;!D"@''2"J"p"!K;!2"Y;\"I?2"!IA2"H;\!"@'2"J"p"Z;!"I?2"!IA2"H;YD"@''2"J"p"
[;E2"!;Z"I?2"!IA2"G;D!"@7.2"!IA2"!;\Z"@')2"J"p"Y;!2"E;D"I?2"!IA2"!;ZDB!;[G"@12"DIA2"!;YEB
!;ZK"@12"EIA2"!;YK"@'2"J"p"E;E;"I?2"!IA2"!;G[B!;HY"@12"GIA2"!;GDB!;GY"@12"!IA2"!;EYB!;EZ"
@12"!IA2"!;E!B!;EG"@12"EIA2"!;DYB!;D["@12"!IA2"!;DGB!;DH"@12"!IA2"!;![B!;DK"@12"EIA2"
!;K\B!;!D"@12"EIA2"!;KZ"@7.2"!IA2"!;KGB!;KY"@12"!IA2"K;[\"@'2"J"p"Y;H"I?2"EIA2"K;[Z"@'2"J"
p"!;G"I?2"EIA2"K;[G"@'2"J"p"!;G"I?2"EIA2"K;[K"@.2"EIA2"K;YZBK;ZG"@12"!IA2"K;YG"@.2"EIAP"!ET"
XVR" @ZH"VI?2"TOT6EA" " !YG;\2!E!;H2" !DY;E2" HY;[2" HY;H2" HG;Z2" GH;K2" GD;[2" G!;D2" GK;D2"
E\;Z2"EY;D2"EY;K2"EE;G2"ED;\2"ED;D2"D[;Z2"D[;G2"D[;D2"DY;!2"DG;E2"DG;K2"DE;K2"DD;[2"D!;K2"![;\2"
!D;D2"!!;Y;"
 
N–[(3 ,5 )–cholestan–3–yl]–2,2,2–trifluoroacetamide (2.26)
2.26;"1;:;"p"!YG;\B!Y\;K"%T"@OTVAP"#R"@FM&A"ED[G2"D\EH2"!ZDK2"!E!H2"!D!!2"!!\K"+1B!P"
!I"XVR"@EKK"VI?2"TOT6EA" "Y;HH"@7.2"!IA2"G;DD"@7.2"!IA2"D;KD"@')2"J"p"!D;D2"E;D"I?2"
!IA2"!;[KB!;[\"@12"DIA2"!;ZEB!;Z["@12"DIA2"!;ZKB!;Z!"@12"!IA2"!;YEB!;YY"@12"!IA2"!;YKB
!;YD"@12"!IA2"!;HGB!;H["@12"DIA2"!;G[B!;H!"@12"!IA2"!;EZB!;GG"@12"GIA2"!;EE"@'2"J"p"E;Y"
I?2"!IA2"!;DYB!;D\"@12"DIA2"!;DEB!;DG"@12"!IA2"!;!EB!;DK"@12"HIA2"!;!KB!;!!"@12"!IA2"
!;KDB!;KZ"@12"EIA2"K;\[B!;KK"@12"!IA2"K;\G"@'2"J"p"Y;H"I?2"EIA2"K;\D"@'2"J"p"!;G"I?2"EIA2"
K;[\" @'2"J"p"!;E"I?2"EIA2"K;[Y" @.2"EIA2"K;ZGBK;Z\" @12"!IA2"K;ZK" @.2"EIAP" !ET"XVR"@ZH"
VI?2"TOT6EA" "!HY;D2"!HY;E2"!![;K2"!!G;D2"HY;Z2"HY;H2"HG;H2"GY;D2"GD;[2"G!;D2"GK;!2"E\;Z2"
EY;G2"EY;D2"EY;K2"EH;Y2"EE;D2"ED;G2"ED;K2"D[;H2"D[;G2"D[;D2"DH;Y2"DG;E2"DG;K2"DE;K2"DD;[2"D!;K2"
![;\2"!D;E2"!!;YP"!\d"XVR"@D[D"VI?2"TOT6EA^"BZY;D"@.A;"
""
!DK"
 
N–(3 ,5 )–cholestan–4–bromobenzamide (2.27) 
 
2.27;"1;:;"p"!YG;KB!Y[;K"%T"@OTVAP"#R"@FM&A"ED\Z2"D\E!2"D[Y[2"!YEK2"!DYH2"ZH\"+1B!P"
"p"jD!;E"@c"H;G!2"OTVAP"!I"XVR"@EKK"VI?2"TOT6EA" "Z;YE"@'2"J"p"[;Z"I?2"DI2A"
Z;HY"@'2"J"p"[;Y"I?2"DIA2"Y;EY"@'2"J"p"Z;D"I?2"!IA2"G;D\"@7.2"!IA2"!;\["@')2"J"p"!D;D2"E;H"
I?2"!IA2"!;ZEB!;[E"@12"EIA2"!;H\B!;YH"@12"GIA2"!;GHB!;HE"@12"GIA2"!;EDB!;EG"@12"GIA2"
!;!\B!;DE"@12"GIA2"!;KGB!;!E"@12"ZIA2"K;\YB!;KD"@12"EIA2"K;\K"@.2"J"p"Y;H"I?2"EIA2"K;[Z"
@'2"J"p"!;D"I?2"EIA2"K;[H"@.2"J"p"!;D"I?2"EIA2"K;[E"@.2"EIA2"K;Y\BK;ZG"@12"!IA2"K;YH"@.2"
EIAP" !ET"XVR"@ZH"VI?2"TOT6EA" "!YH;\2"!EG;D2"!E!;\2"!D[;Z2"!DY;!2"HY;[2"HY;H2"HG;[2"
GH;Y2"GD;[2"G!;H2"GK;D2"E\;Z2"EY;G2"EY;E2"EY;K2"EH;Y2"EE;Y2"EE;K2"ED;!2"D[;Z2"D[;G2"D[;D2"DY;D2"
DG;E2"DG;!2"DE;K2"DD;[2"D!;K2"![;\2"!D;E2"!!;Z;"
"
N–(3 ,5 )–cholestan–4–nitrobenzamide (2.28) 
 
2.28;"1;:;" p" D!E;KBD!Y;K" %T" @(),56" *6+%,%6AP" #R" @FM&A" EDZ[2" D\D\2" D[YZ2" !YE!2" !H\\2"
!EG\"+1B!P" "p"j![;E"@c"E;HY2"OTVAP"!I"XVR"@EKK"VI?2"TOT6EA" "[;DD"@)'2"J"p"
[;\2"D;K"I?2"DI2A"Z;\K"@)'2"J"p"[;\2"D;K"I?2"DIA2"Y;YD"@'2"J"p"Z;E"I?2"!IA2"G;D\"@7.2"!IA2"
!;\H" @')2"J" p" !D;E2" E;!"I?2" !IA2" !;Z[B!;[!" @12" !IA2" !;ZGB!;ZY" @12" DIA2" !;YDB!;YZ" @12"
DIA2"!;HZB!;YK"@12"!IA2"!;GEB!;HE"@12"GIA2"!;DYB!;EZ"@12"YIA2"!;!\B!;DE"@12"GIA2"!;K[B
!;!!"@12"GIA2"!;KKB!;KH"@12"EIA2"K;\EBK;\["@12"DIA2"K;[Z"@'2"J"p"Y;H"I?2"EIA2"K;[H"@'2"J"
p"!;E"I?2"EIA2"K;[H"@'2"J"p"!;E"I?2"EIA2"K;[D"@.2"EIA2"K;YZBK;ZD"@12"!IA2"K;YE"@.2"EIAP"!ET"
O
DE;!
O
DE;[
!D!"
XVR"@ZH"VI?2"TOT6EA" "!YG;\2"!G\;Y2"!G!;K2"!D[;E2"!DG;K2"HY;Z2"HY;H2"HG;Z2"GY;K2"GD;Z2"
G!;H2"GK;H2"E\;Z2"EY;E2"EY;K2"EH;Y2"ED;\2"ED;!2"D[;Y2"D[;G2"D[;D2"DY;!2"DG;E2"DG;K2"DE;K2"DD;Z2"
D!;K2"![;[2"!D;D2"!!;Y;"
 
N–(3 ,5 )–cholestan–4–methylbenzenesulfonamide (2.29)
29;" #R"@FM&A^"ED[D2"D\ED2"D[Y[2"!E[E2"!!HZ2"ZKZ"+1B!P"!I"XVR"@EKK"VI?2"TOT6EA" "
Z;ZZ"@')2"J"p"[;E2"!;Z"I?2"DIA2"Z;D\"@'2"J"p"[;K"I?2"DIA2"E;G["@7.2"!IA2"G;\E"@'2"J"p"Z;K"I?2"
!IA2"D;GD"@.2"EIA2"!;\G"@')2"J"p"!!;D2"E;!"I?2"!IA2"!;ZHB!;["@1"!IA2"!;HKB!;YG"@12"GIA2"
!;E[B!;EZ"@12"HIA2"!;EHB!;EK"@12"EIA2"!;!YB!;DZ"@12"YIA2"!;!!B!;!E"@12"EIA2"!;K[B!;K\"
@12"DIA2"!;KEB!;KY"@12"EIA"K;\YB!;KK"@12"DIA2"K;[\"@'2"J"p"Y;["I?2"EIA2"K;[["@'2"J"p"!;H"
I?2" EIA2" K;[H" @'2"J" p" !;G"I?2" EIA2" K;Z[BK;[E" @12" !IA2" K;Z!" @.2" EIA2" K;YD" @.2" EIAP" !ET"
XVR"@ZH"VI?2"TOT6EA" "!GE;D2"!E[;D2"!D\;[2"!DZ;D2"HY;Y2"HY;G2"HG;E2"G\;Y2"GD;Z2"GK;!2"
GK;K2"E\;Z2"EY;E2"EY;K2"EH;\2"EH;H2"EE;[2"ED;Z2"ED;K2"D[;H2"D[;G2"D[;D2"DZ;K2"DG;E2"DG;K2"DE;K2"
DD;[2"D!;Z2"DK;\2"![;[2"!D;D2"!!;Z;"
N–(3 ,5 )–cholestanmethanesulfonamide (2.30)
2.30;"1;:;"p"!HD;\B!HZ;!"%T"@OTVAP"#R"@FM&A"EDHZ2"D\E!2"D[Y[2"!GGH2"!E!H2"!!EH"+1B!P"
!I"XVR"@EKK"VI?2"TOT6EA" "G;[E"@'2"J"p"Z;E"I?2"!IA2"E;ZK"@J3/$)2"J"p"E;E"I?2"!IA2"
D;\H"@.2"EIA2"!;\Y"@')2"J"p"!D;K2"E;!"I?2"!IA2"!;ZEB!;[H"@12"DIA2"!;YDB!;Z!"@12"EIA2"!;HYB
!;H["@12"DIA2"!;H!B!;H["@12"DIA2"!;G!B!;G["@12"DIA2"!;EYB!;EZ"@12"!IA2"!;D\B!;EG"@12"
!DD"
EIA2"!;DGB!;DZ"@12"DIA2"!;![B!;DD"@12"EIA2"!;!G"@'2"J"p"E;\"I?2"!IA2"!;K\B!;!D"@12"GIA2"
!;KY"@7.2"!IA2"K;\YB!;KE"@12"EIA2"K;[\"@'2"J"p"Y;H"I?2"EIA2"K;[Y"@'2"J"p"!;D"I?2"EIA2"K;[G"
@'2"J"p"!;G"I?2"EIA2"K;Z["@.2"EIA2"K;YYBK;ZG"@12"!IA2"K;YE"@.2"EIAP"!ET"XVR"@ZH"VI?2"
TOT6EA" "HY;Y2"HY;G2"HG;H2"HK;K2"GD;Z2"G!;H2"GK;E2"GK;!2"GK;K2"EY;E2"EY;K2"EY;K2"EH;Y2"EG;G2"
ED;[2"ED;!2"D[;Y2"D[;G2"D[;D2"DZ;Y2"DG;E2"DG;K2"DE;K2"DD;[2"DK;\2"![;[2"!D;E2"!!;Z;"
"
3 –N–ethylamine–5 –cholestane (2.18) 
"
#$"*"HK"1a"&%3$'"7%))%1"86*.42"aNI"@K;D["-2"Z;KH"11%62"\HcA"=*.".3.:($'('"/$">Id"@\"
1aA;" –N1/'("2.17" @!;KK"-2"D;EH"11%6A"=*."*''('".6%=65"/$)%"),(".3.:($./%$"*$'"),("
.%63)/%$"=*." ,(*)('" )%" &(8639;"N8)(&" *::&%9/1*)(65" DD" ,2" ),(" .%63)/%$"=*." +%%6('" *)" &)"
7(8%&("'/63)/$-"/)"=/),">Id"@\"1aA;">,("'/63)('".3.:($./%$"=*."+%%6('")%"K"%T"*$'"),("
&(*+)/%$"=*."J3($+,('"75"*''/$-"+%6'"=*)(&"@K;[G"1aA2".%'/31",5'&%9/'(".%63)/%$"@K;[G"
1a2"!Hc"/$"=*)(&A2" *$'"+%6'"=*)(&" @K;D["1aA2" .3++(../0(65;">,(" &(.36)/$-"1/645"=,/)("
.3.:($./%$"=*."8/6)(&('"),&%3-,"+(6/)("*$'"),("8/6)&*)("=*."+%$+'"3$'(&"&('3+('":&(..3&("
=,/+,"*88%&'('"(),56*1/$("2.18"@K;H\"-2"Y!cA"*."*"6/-,)"5(66%="%/6;"
2.18;"!I"XVR"@EKK"VI?2"TOT6EA" D;[D"@)2"J"p"D;G"I?2"!IA2"D;H\"@J2"J"p"Z;G"I?2"DIA2"
!;\G"@)'2"J"p"Y;!2"E;!"I?2"!IA2"!;ZEB!;[H"@12"DIA2"!;Y\B!;YG"@12"!IA2"!;HHB!;YK"@12"EIA2"
!;HK"@)2"J"p"Y;H"I?2"DIA2"!;GG"@)2"J"p"G;Y"I?2"!IA2"!;E[B!;E\"@12"!IA2"!;D[B!;EH"@12"YIA2"
!;DEB!;DG"@12"!IA2"!;!\"@.2"!IA2"!;!Y"@'2"J"p"D;\"I?2"DIA2"!;KZB!;!D"@12"YIA2"K;\EB!;KG"
@12"GIA2"K;[["@'2"J"p"Y;H"I?2"EIA2"K;[Y"@'2"J"p"!;D"I?2"EIA2"K;[G"@'2"J"p"!;D"I?2"EIA2"K;ZZ"
@.2" EIA2" K;YE" @.2" EIAP" !ET"XVR"@ZH"VI?2"TOT6EA" " HY;K2" HH;Y2" HE;Z2" H!;H2" GD;K2" GK;\2"
E\;G2"E\;!2"E[;\2"EH;Y2"EH;D2"EG;\2"ED;H2"ED;K2"E!;G2"D[;!2"DZ;Z2"DZ;G2"DH;!2"DE;Y2"DE;D2"DD;D2"
DD;K2"DK;D2"![;!2"!G;[2"!!;H2"!K;\;"
"
!DE"
3 –Thiolacetate–5 –cholestane (2.31) 
"
#$"*"&%3$'"7%))%1"86*.42" )&/:,($56:,%.:,/$("@K;Y["-2"D;H["11%6A"=*."'/..%60('"/$">Id"
@H;!Y"1aA;">,("+6(*&" .%63)/%$"=*."+%%6('" )%"K" %T"7(8%&("*''/$-"O#NO"@K;HK"1a2"D;H["
11%6A;"N8)(&"EK"1/$"%8".)/&&/$-"*)"K"%T2"*".%63)/%$"%8"H B+,%6(.)*$B B%6"2.6"@K;HK"-2"!;D\"
11%6A" /$">Id" @E;Z\"1aA"=*."*''('" 8%66%=('"75" ),/%*+()/+" *+/'"2.125" @K;!\"1a2"D;H["
11%62"\HcA;">,("&(.36)/$-"6/-,)"5(66%="%&*$-(".%63)/%$"=*.".)/&&('"+%$)/$3%3.65"*)"K"%T;"
N8)(&"!",2" ),(".%63)/%$"=*."*66%=('" )%"=*&1"3:" )%" &)"*$'".)/&&('"+%$)/$3%3.65"8%&"DG",;"
>,(" &(*+)/%$"1/9)3&("=*."+%$+'"3$'(&" &('3+('":&(..3&("*$'":3&/8/+*)/%$"%8" ),(" &(./'3("
3./$-"86*.,"+%631$"+,&%1*)%-&*:,5"=/),"KBHc"(),56"*+()*)("/$",(9*$("*."(63($)"*88%&'('"
B),/%*+()*)("2.31"@K;H["-2"!KKcA"*."=,/)(".%6/';""
2.31;"1;:;"p"!!\;EB!D!;!"%T"@(),56"*+()*)(^,(9*$(A"@a/)^[Y"!DKB!D!"%TAP">aT"Rf"p"K;[["
@(),56" *+()*)(^,(9*$(2"E^ZAP" !I"XVR"@EKK"VI?2"TOT6EA" E;\Y" @7.2" !IA2" D;DZ" @.2" EIA2"
!;\G"@)'2"J"p"Y;H2"E;!"I?2"DIA2"!;Y\B!;[\"@12"EIA2"!;H[B!;YH"@12"EIA2"!;GEB!;HH"@12"EIA2"
!;DEB!;EY" @12" ZIA2" !;!YB!;!\" @12" EIA2" !;KZB!;!E" @12" HIA2" !;KG" @.2" !IA2" K;\EB!;KK" @.2"
EIA2"K;[["@'2"J"p"Y;H"I?2"EIA2"K;[H"@'2"J"p"!;E"I?2"EIA2"K;[E"@'2"J"p"!;E"I?2"EIA2"K;ZZ"@.2"
EIA2"K;YE"@.2"EIA;" 
 
 
3 –Thiol–5 –cholestane (2.32) 
"
#$" *" DH" 1a" 86*1(" '&/('" &%3$'" 7%))%1" 86*.42" aNI" @K;KE" -2" K;ZY" 11%62" \HcA" =*."
.3.:($'('"/$"'/(),56"(),(&"@E;[K"1aA;">,(".3.:($./%$"=*."+%%6('")%"K"%T"3./$-"/+(e=*)(&"
+%6'"7*),;"N".%63)/%$"%8"),/%*+()*)("2.31"@K;!!"-2"K;DH"11%6A"/$"'/(),56"(),(&"@!"1aA"=*."
!DG"
*''('")%"),("+%%6('".3.:($./%$"/$"*"'&%:=/.("1*$$(&"*8)(&"=,/+,"),(".%63)/%$"=*.".)/&&('"
+%$)/$3%3.65" *." /)" =*&1('" 3:" )%" &);" N8)(&" DG" ,2" ),(" &(*+)/%$"1/9)3&("=*." '/63)('"=/),"
'/(),56"(),(&"*$'"+%%6('"*)"K"%T;">,("&(*+)/%$"=*."J3($+,('"3./$-"),("d/(.(&"1(),%';[H"
>,(" &(.36)/$-" 1/645" =,/)(" .3.:($./%$" =*." 8/6)(&('" ),&%3-," +(6/)(2" '&/('" %0(&" .%'/31"
.368*)(2" *$'"+%$+'"3$'(&" &('3+('":&(..3&(" )%"-/0(" B),/%6"2.32" @K;KZ"-2" YYcA"*."=,/)("
.%6/';"
2.32;"#R"@FM&A"D\D[2"D[YH2"D[G\2"!GYY2"!E[D2"!DYK"+1B!P"!I"XVR"@EKK"VI?2"TOT6EA"
E;!K"@7.2"!IA2"!;[["@'2"J"p"!!;\"I?2"!IA2"!;YEB!;ZY"@12"EIA2"!;HHB!;Y!"@12"DIA2"!;EGB
!;HD"@12"[IA2"!;!\B!;DZ"@12"GIA2"!;KYB!;!Y"@12"ZIA2"!;K!B!;KH"@12"HIA2"K;\KBK;\G"@12"
DIA2"K;[G"@'2"J"p"Z;G"I?2"EIA2"K;Z\"@.2"EIA2"K;ZZ"@.2"EIA2"K;Y\"@.2"EIA2"K;HY"@.2"EIAP"!ET"
XVR"@ZH"VI?2"TOT6EA^" "HY;Z2"HY;H2"HG;G2"GD;[2"GK;D2"E\;Z2"E\;Z2"EZ;K2"EY;Z2"EY;Y2"EH;Z2"
ED;H2"ED;!2"EK;!2"D[;Y2"D[;H2"D[;D2"DG;G2"DG;!2"DE;!2"DD;[2"D!;K2"![;\2"!D;E2"!D;K;"
"
3 –Tosyloxy–5 –cholestane (2.33) 
 
Lit;"Ref;^" L*$)%.2"Q;"N;"Q;P"V3&&*52"N;"<;P"<3C%62"T;"N;P"O*1%$)(2"W;"M;P"V*/(&2"V;"
L;"Steroids"20032"682"!DHB!ED;  
 
#$"!K"1a"&%3$'"7%))%1"86*.42"H B+,%6(.)*$BE B%6"2.6"@K;HK"-2"!;D\"11%6A"=*."'/..%60('"
/$":5&/'/$(" @!;Y!"1aA;"pB>%63($(.368%$56"+,6%&/'(" @K;HZ"-2"D;\Z"11%6A"=*."*''('" /$)%"
),("+6(*&".%63)/%$"*$'"),("&(*+)/%$"1/9)3&("=*.".)/&&('"+%$)/$3%3.65"*)"&);"N8)(&"DG",2"),("
&(*+)/%$"1/9)3&("=*."J3($+,('"75"*''/$-"=*)(&"@!K"1aA"*$'"/)"=*."(9)&*+)('"=/),"OTV"
@E" 9" DK" 1aA;" N66" %&-*$/+" 6*5(&." =(&(" +%66(+)('2" +%17/$('" )%-(),(&2" =*.,('" =/),"
,5'&%+,6%&/+"*+/'".%63)/%$"@E"9"DK"1a2"D"VA2"7&/$(".%63)/%$"@E"9"DK"1aA2"*$'"=*)(&"@E"9"
DK"1aA2" '&/('" %0(&" .%'/31" .368*)(2" *$'" +%$+'" 3$'(&" &('3+('" :&(..3&("=,/+," *88%&'('"
)%.56*)("2.33"@K;YH"-2"\EcA"*."=,/)(".%6/';"X%"83&),(&":3&/8/+*)/%$"=*."$(('(';"
2.33;"!I"XVR"@EKK"VI?2"TOT6EA" "Z;ZY"@')2"J"p"[;E2"!;["I?2"DIA2"Z;EK"@''2"J"p"[;D2"K;H"
I?2"DIA2"G;E\"@.(:)()2"J"p"H;Y"I?2"!IA2"D;GD"@.2"EIA2"!;\D"@)'2"J"p"Y;Z2"D;E"I?2"!IA2"!;YZB
!DH"
!;[!" @12" EIA2" !;G\B!;YG" @12" ZIA2" !;GYB!;GZ" @'2" J" p" !;Z" I?2" !IA2" !;EZB!;GD" @12" !IA2"
!;EKB!;EG"@12"EIA2"!;DH"@)2"J"p"G;!"I?2"!IA2"!;KHB!;!!"@12"HIA2"!;KKB!;KD"@12"DIA2"K;\GB
K;\Z"@12"DIA2"K;[Y"@'2"J"p"Y;Z"I?2"EIA2"K;[H"@'2"J"p"!;G"I?2"EIA2"K;[E"@'2"J"p"!;E"I?2"EIA2"
K;ZH"@.2"EIA2"K;Y!"@.2"EIA2"K;HE"@''2"J"p"Z;Z2"E;K"I?2"!IAP"!ET"XVR"@ZH"VI?2"TOT6EA" "
!GG;G2"!EG;\2"!D\;\2"!DZ;Z2"[D;Z2"HY;H2"HY;G2"HG;D2"GG;\2"GD;Z2"GK;K2"E\;Y2"EY;\2"EY;E2"EH;\2"
EH;H2"EH;K2"ED;K2"D[;Y2"D[;H2"D[;G2"D[;!2"DG;E2"DG;K2"DE;K2"DD;Z2"D!;[2"D!;E2"![;[2"!D;E2"!D;D;"
"
3 –Cyano–5 –cholestane (2.34) 
 
N" .3.:($./%$" %8" )%.56*)(" 2.33" @K;YH" -2" !;DK"11%6A" *$'" .%'/31" +5*$/'(" @K;H\" -2" !D;K"
11%6A" /$"OVLb"@EK"1aA"=*.",(*)('" )%"\K" %T;"N8)(&"*::&%9/1*)(65"![",2" ),(" &(*+)/%$"
1/9)3&("=*."+%%6('")%"&)"7(8%&("*''/$-"=*)(&"@!K"1aA;">,("'/63)('".%63)/%$"=*."(9)&*+)('"
=/)," '/(),56" (),(&" @E" 9" DK"1aA;" N66" %&-*$/+" 6*5(&." =(&(" +%66(+)('2" =*.,('" =/)," 7&/$("
.%63)/%$"@E"9"DK"1aA2"'&/('"%0(&"1*-$(./31".368*)(2"*$'"+%$+'"3$'(&"&('3+('":&(..3&(;"
>,("+&3'("1/9)3&("=*.":3&/8/('"3./$-"86*.,"+%631$"+,&%1*)%-&*:,5"=/),"KBHB!K"c"(),56"
*+()*)("/$",(9*$("*."(63($)")%"*88%&'"+5*$/'("2.34"@K;E!"-2"YH"cA"*."*"=,/)(".%6/';"
2.34;"!I"XVR"@EKK"VI?2"TOT6EA" "D;\G"@7.2"!IA2"!;\H"@)'2"J"p"!!;\2"E;!"I?2"!IA2"!;ZEB
!;[Z"@12"EIA2"!;YEB!;Z!"@12"EIA2"!;GYB!;H["@12"YIA2"!;D\B!;EH"@12"HIA2"!;DGB!;DY"@12"
DIA2"!;DK"@7.2"!IA2"!;!Y"@)2"J"p"!;H"I?2"!IA2"!;K\B!;!D"@12"GIA2"!;KY"@7.2"!IA2"K;\HB!;K!"
@12"GIA2"K;[\"@'2"J"p"Y;H"I?2"EIA2"K;[Y"@'2"J"p"!;E"I?2"EIA2"K;[G"@'2"J"p"!;E"I?2"EIA2"K;ZZ"
@.2"EIA2"K;YE"@.2"EIAP"!ET"XVR"@ZH"VI?2"TOT6EA" "!DE;K2"HY;H2"HY;E2"HG;K2"GD;Z2"GD;H2"
GK;K2"E\;Z2"EY;E2"EY;!2"EH;\2"EH;H2"EG;H2"E!;[2"EK;Y2"D[;G2"D[;E2"D[;D2"DZ;Z2"DG;G2"DG;E2"DG;K2"
DE;K2"DD;Z2"DK;\2"![;[2"!D;D2"!D;K;"
!DY"
 
5 –Cholestane–3–carboxaldehyde (2.37) *$' 5 –Cholestane–3–carboxaldehyde 
(2.38) 
 
#$"*"&%3$'"7%))%1"86*.42"+5*$/'("2.34"@K;DH"11%62"K;!K"-A"=*."'/..%60('"/$"OTV"@H"1aA;"
>,(" .%63)/%$" =*." +%%6('" *)" BZ[" %T" 7(8%&(" *''/$-" *" .%63)/%$" %8" '//.%73)56*631/$31"
,5'&/'("@K;YE"1a2"!;K"V"/$",(9*$(A"'&%:=/.(;">,(".%63)/%$"=*.".)/&&('"+%$)/$3%3.65"*)"B
Z[" %T;"N8)(&" *$" ,%3&2" ),(" &(*+)/%$"1/9)3&("=*." J3($+,('" 75" *''/$-" (),56" *+()*)(;">,("
J3($+,('" &(*+)/%$"1/9)3&("=*."=*.,('"=/),"R%+,(66(U." .*6)" .%63)/%$" 8%66%=('"75"7&/$("
*$'"'&/('"%0(&".%'/31".368*)("7(8%&("+%$+($)&*)/$-"3$'(&"&('3+('":&(..3&(;">,("&(./'3("
=*." :3&/8/('" 3./$-" 86*.," +%631$" +,&%1*)%-&*:,5"=/)," !Kc" (),56" *+()*)(" /$" ,(9*$(" *."
(63($)")%"*88%&'"*$"/$.(:*&*76("1/9)3&("%8"*6'(,5'(."2.37"*$'"2.38"@K;K["-2"[Kc"@D;Y^!AA; 
2.37"*$'"2.38;" !I"XVR"@EKK"VI?2"TOT6EA" "\;ZK"@7.2"!IA2"\;YK"@'2"J"p"!;Z"I?2"!IA2"
D;GK"@)2"J"p"H;Z"I?2"!IA2"D;DKBD;E!"@12"!IA2"D;KDBD;!K"@12"!IA2"!;\!BD;KK"@12"DIA2"!;ZDB
!;[E"@12"GIA2"!;YEB!;Z!"@12"DIA2"!;GYB!;Y!"@12"!EIA2"!;E\B!;GE"@12"DIA2"!;DDB!;EY"@12"
!YIA2" !;KYB!;!\" @12" !GA2" K;\HB!;KE" @12" ZIA2" K;[[BK;\K" @12" YIA2" K;[YBK;[Z" @12" YIA2"
K;[GBK;[H" @12"YIA2"K;Z\" @.2"EIA2"K;ZZ" @.2"EIA2"K;ZZ" @.2"EIA2"K;YH" @.2"EIA2"K;YE" @.2"EIA2"
K;HHBK;YK"@12"!IA;"
"
"
5 –Androstan–3 –ol (2.49) 
 
#$" *" 86*1(B'&/('" 86*.42" :%)*../31" ,5'&%9/'(" @!;H[" -2" D[;D" 11%6A" =*." '/..%60('" /$"
(),56($("-65+%6"@!K"1aA"75",(*)/$-;">,(".%63)/%$"=*."+%%6('")%"&)"7(8%&("*''/$-"transB
*$'&%.)(&%$("2.50"@D;KK"-2"Y;[\"11%6A"*$'",5'&*?/$(",5'&*)("@K;\["1a2"DK;D"11%6A;">,("
!DZ"
.%63)/%$"=*.",(*)('")%"&(8639;"N8)(&"DE",2"),(".%63)/%$"=*."+%%6('")%"&)"*$'"),("&(*+)/%$"
1/9)3&("=*."J3($+,('"75"*''/$-",5'&%+,6%&/+"*+/'".%63)/%$"@!G;!"1a2"DVA;">,("1/9)3&("
=*." (9)&*+)('" =/)," OTV" @G" 9" EK" 1aA;" >,(" %&-*$/+" 6*5(&." =(&(" +%66(+)('2" +%17/$('2"
'&/('"%0(&".%'/31".368*)(2"*$'"+%$+'"3$'(&"&('3+('":&(..3&(;">,("&(.36)/$-".%6/'"&(./'3("
=*."&(+&5.)*66/?('"/$"1(),*$%6")%"*88%&'"*6+%,%6"2.49"@!;HY"-2"[DcA;"
2.49;" 1;:;" p" !G\;EB!HK;Z" %T" @OTVA" @a/)^[Z" !H!B!HD" %TAP" >aT" Rf" p" K;EE" @(),56"
*+()*)(^,(9*$(2"!^GAP"#R"@FM&A"EEHK2"D\EK2"D[GH2"!GGZ2"!EZZ2"!!EE"+1B!P"!I"XVR"@EKK"
VI?2" TOT6EA" " E;H[" @,(:)2" J" p" G;\" I?2" !IA2" !;ZYB!;[D" @12" !IA2" !;ZKB!;ZH" @12" DIA2"
!;YHB!;Y\"@12"DIA2"!;Y!B!;YE"@12"!IA2"!;HZB!;YK"@12"!IA2"!;HDB!;HZ"@12"DIA2"!;GZB!;HK"
@12"!IA2"!;GKB!;GH"@12"!IA2"!;EEB!;E\"@12"!IA2"!;D\B!;EK"@12"!IA2"!;DDB!;D["@12"GIA2"
!;KGB!;!Z"@12"GIA2"K;\B!;KD"@12"!IA2"K;[HBK;\E"@12"DIA2"K;[K"@.2"EIA2"K;Y["@.2"EIA"K;YKB
K;YH"@12"!IAP"!ET"XVR"@ZH"VI?2"TOT6EA" "Z!;Y2"HG;[2"HG;Z2"GH;!2"G!;K2"GK;Y2"E\;!2"E[;G2"
EZ;E2"EY;!2"EH;[2"ED;Z2"E!;Z2"D\;K2"DH;Z2"D!;H2"DK;Z2"!Z;Z2"!D;Y;"
(3R,5S,8S,9S,10S,13S,14S)–10,13–dimethylhexadecahydro–1H–
cyclopenta[a]phenanthren–3–ol (2.50) 
"
#$" *" &%3$'" 7%))%1" 86*.42" transB*$'&%.)(&%$(" 2.48" @H;KK" -2" !Z;D" 11%6A" *$'" ,5'&*?/$("
,5'&*)("@!E;E\"1a2"DZH;D"11%6A"=*."*''('")%"*".%63)/%$"%8"FbI"@!E;H!"-2"DGK;["11%6A"
'/..%60('" /$" (),56($(" -65+%6" @D!H" 1aA;" >,(" .3.:($./%$" =*." ,(*)('" )%" &(8639;" N8)(&"
*::&%9/1*)(65" G;H" ,2" ),(" .%63)/%$" =*." +%%6('" )%" &)" *8)(&" =,/+," :%)*../31" ,5'&%9/'("
@!E;H!" -2" DGK;["11%6A"=*." *''(';" >,(" .3.:($./%$"=*." ,(*)('" )%" &(8639" 8%&" DG" ,;" >,("
&(*+)/%$" 1/9)3&(" =*." +%%6('" *$'" J3($+,('" 75" *''/$-" ,5'&%+,6%&/+" *+/'" .%63)/%$;" >,("
J3($+,('"&(*+)/%$"1/9)3&("=*."(9)&*+)('"=/),"OTV;"N66"%&-*$/+" 6*5(&."=(&("+%66(+)('2"
+%17/$('2"'&/('"%0(&"1*-$(./31".368*)(2"*$'"+%$+'"3$'(&"&('3+('":&(..3&(;">,("&(./'3("
=*.":3&/8/('"3./$-" 86*.," +%631$"+,&%1*)%-&*:,5"=/),"!KB!Hc"(),56" *+()*)(" /$" ,(9*$("
*88%&'('"2.50"*."=,/)(".%6/'"@K;!E"-2"EcA;"
!D["
2.50;"1;:;"p"!E!;KB!GK;\"%T"@OTVAP">aT"Rf"p"K;HH"@,(9*$(e(),56"*+()*)(2"\^!AP"#R"@FM&A"
ED\D2"D\EK2"D[YZ2"!GG\2"!!YE2"!KEH"+1B!P"!I"XVR"@EKK"VI?2"TOT6EA" "G;KG"@J3/$)2"J"p"
D;E"I?2"!IA2"!;Z!B!;ZE" @12"!IA2"!;YZB!;Y\" @12"DIA2"!;YDB!;YY" @12"DIA2"!;HYB!;Y!" @12"
EIA2"!;G\B!;HH"@12"EIA2"!;GGB!;GZ"@12"!IA2"!;E[B!;GD"@12"!IA2"!;EEB!;EY"@12"!IA2"!;DYB
!;E!"@12"DIA2"!;DDB!;DG"@12"!IA2"!;!ZB!;D!"@12"DIA2"!;!EB!;!H"@12"!IA2"!;KHB!;!!"@12"
!IA2" K;\GB!;KD" @12" !IA2" K;[HBK;\E" @12" !IA2" K;ZDBK;[D" @12" !IA2" K;Z[" @.2" EIA2" K;Y\" @.2"
EIA2" !ET"XVR"@ZH"VI?2"TOT6EA" "YY;[2"HG;Z2"G!;K2"GK;Y2"E\;E2"E\;!2"EY;G2"EY;K2"ED;Y2"
ED;G2"D\;D2"D[;[2"DH;Z2"D!;K2"DK;Z2"!Z;Z2"!!;G;"
"
 
3 –Azido–5 –androstane (2.51) 
 
#$" *" HK" 1a" &%3$'" 7%))%1" 86*.42" H B*$'&%.)*$BE B%6" 2.49" @!;!D" -2" G;KH" 11%6A" =*."
'/..%60('"/$">Id"@DK"1aA;">&/:,($56:,%.:,/$("@!;KY"-2"G;KG"11%6A"=*."*''('"/$)%"),("
.%63)/%$"8%66%=('"75"'//.%:&%:&56"*?%'/+*&7%956*)("@O#NOA"@K;[E"1a2"G;KH"11%6A;">,("
&(.36)/$-" 5(66%=" .%63)/%$" =*." .)/&&('" +%$)/$3%3.65" *)" &)" 8%&" !K" 1/$" 7(8%&(" *''/$-"
'/:,($56:,%.:,%&56"*?/'("@K;[["1a2"G;KH"11%6A;">,(".%63)/%$"=*.".)/&&('"+%$)/$3%3.65"
*)" &);"N8)(&" DG" ,2" ),(" &(*+)/%$"1/9)3&("=*." +%$+'" *$'" ),(" &(./'3("=*." &(+&5.)*66/?('" /$"
W)bI")%"*88%&'" B*?/'("2.51"*."*"=,/)(".%6/'"@K;\K"-2"ZGcA;"
2.51;" !I"XVR"@EKK"VI?2"TOT6EA" "E;[[" @J3/$)2"J"p"D;["I?2"!IA2"!;Z!B!;ZD" @12"!IA2"
!;YZB!;ZK"@12"EIA2"!;H\B!;YG"@12"DIA2"!;HZB!;HE"@12"EIA2"!;GHB!;HD"@12"EIA2"!;EYB!;GD"
@12"DIA2"!;DYB!;E!"@12"!IA2"!;![B!;DG"@12"EIA2"!;!GB!;!Z"@12"DIA2"!;!EB!;!K"@12"!IA2"
K;[HB!;KE"@12"DIA2"K;Z\"@.2"EIA2"K;ZDBK;ZZ"@12"!IA2"K;Y\"@.2"EIA;"
"
"
"
"
"
"
!D\"
"
"
3 –Amino–5 –androstane (2.44) 
"
#$"&%3$'"7%))%1"86*.42"aNI"@K;E\"-2"\;[E"11%62"\HcA"=*.".3.:($'('"/$">Id"@!K"1aA;"
>,(".3.:($./%$"=*."+%%6('"*)"K"%T"3./$-"/+(e=*)(&"+%6'"7*),"7(8%&("*''/$-"),(".%63)/%$"%8"
B*?/'("2.52" @K;\K"-2" D;\["11%6A" /$">Id" @H"1aA;">,(" .%63)/%$"=*."=*&1('" )%" &)" *$'"
),($"&(8639('"8%&"G",;">,("&(*+)/%$"=*."),($"+%%6('")%"&)"7(8%&("'/63)/$-"),(".%63)/%$"=/),"
>Id" @!H"1aA;" >,(" '/63)('" &(*+)/%$"1/9)3&("=*." +%%6('" *)" K" %T" *$'" J3($+,('" 3./$-" *"
d/(.(&" 1(),%';[H" >,(" &(*+)/%$" 1/9)3&(" =*." .)/&&('" +%$)/$3%3.65" 3$)/6" /)" )3&$('" /$)%" *"
1/645"=,/)(".3.:($./%$;">,(".3.:($./%$"=*."),($"8/6)(&('"),&%3-,"+(6/)("*$'"=*.,('"=/),"
>Id;" >,(" 8/6)&*)("=*." '&/('" %0(&" .%'/31" .368*)(" *$'" +%$+'" 3$'(&" &('3+('" :&(..3&(" )%"
*88%&'" –*1/$("2.44"@K;H\"-2"ZDcA;""
2.44;"#R"@FM&A"D\DY2"D[HH2"!GZD2"!EZ[2"!!DG2"ZHE"+1B!P"!I"XVR"@EKK"VI?2"TOT6EA" "
E;!["@7.2"!IA2"!;Z!B!;ZE"@12"DIA2"!;YHB!;Y\"@12"EIA2"!;Y!B!;YE"@12"!IA2"!;H\B!;YK"@12"
!IA2"!;HHB!;HZ"@12"DIA2"!;HKB!;HE"@12"!IA2"!;GKB!;GH"@12"EIA2"!;EKB!;ED"@12"!IA2"!;DEB
!;D\"@12"EIA2"!;![B!;D!"@12"EIA2"!;!GB!;!["@12"DIA2"!;KZB!;!K"@12"DIA2"K;[\B!;\\"@12"
DIA2"K;Z["@.2"EIA2"K;Y\"@.2"EIA;"
"
"
3 –Amino–5 –androstane hydrochloride (2.52) 
 
>,(" B*1/$("2.44"@K;DK"-2"K;ZE"11%6A"=*."'/..%60('"/$"'/(),56"(),(&"@H"1aA;"N".%63)/%$"
%8",5'&%-($"+,6%&/'("/$"'/(),56"(),(&"@K;ZE"1a2"D"VA"=*."*''('"'&%:=/.("=,/+,"&(.36)('"
/$" :&(+/:/)*)(" 8%&1*)/%$;">,(" .3.:($./%$"=*." 8/6)(&('" *$'" ),(":&(+/:/)*)("=*." +%66(+)('2"
=*.,('"=/)," '/(),56" (),(&2" *$'" '&/('" 3$'(&" 0*+331" )%" *88%&'" *1/$(" .*6)"2.52" @K;!H" -2"
YHcA"*."*"=,/)(".%6/';""
!EK"
2.52;" 1;:;" p" DHD;D" %T" @'/(),56" (),(&A" @'(+;AP" #R" @FM&A" EEDK2" D\GH2" !Y!\2" !G\H2" !GGE2"
!EZ\"+1B!P" !I"XVR"@EKK"VI?2"TOT6EA" "[;GH"@7.2"EIA2"E;YK"@7.2"!IA2"!;[G"@7.2"DIA2"
!;YDB!;Y\"@12"[IA2"!;H!B!;H["@12"GIA2"!;EZB!;GG"@12"!IA2"!;DEB!;D\"@12"DIA2"!;K\B!;DK"
@12"GIA2"K;\DB!;KZ"@12"EIA2"K;Z\"@.2"EIA2"K;Y\"@.2"EIAP"AP"!ET"XVR"@ZH"VI?2"TOEbOA" "
HG;D2"HE;E2"G[;K2"G!;K2"GK;Y2"E[;\2"E[;[2"EY;E2"EY;K2"ED;E2"E!;Y2"D[;Y2"DH;Y2"DH;K2"DK;\2"DK;Z2"
!Z;[2"!!;Y; 
"
"
3 –Acetamido–5 –androstane (2.53) 
 
>,(" B*1/$("2.44"@K;DK"-2"K;ZE"11%6A"=*."'/..%60('"/$">Id"@E"1aA"/$"*"&%3$'"7%))%1"
86*.4;">&/(),56*1/$("@K;!D"1a2"K;[["11%6A"=*."*''('"'&%:=/.("*$'"),("&(.36)/$-".%63)/%$"
=*."+%%6('")%"K"%T;"N+()56"+,6%&/'("2.112"@K;KH"1a2"K;[K"11%6A"=*."*''('"'&%:=/.("/$)%"
),("+%%6('".%63)/%$"=,/+,"&(.36)('"%$"),("8%&1*)/%$"%8"=,/)(":&(+/:/)*)(;">,("1/645"=,/)("
.3.:($./%$" =*." .)/&&('" +%$)/$3%3.65" 8%&" !H" 1/$" *)" K" %T" 7(8%&(" *66%=/$-" ),(" &(*+)/%$"
1/9)3&(")%"=*&1"3:")%"&);"OTV"@H"1aA"=*."*''('"*$'"),("'/63)('".%63)/%$"=*."=*.,('"
=/)," ,5'&%+,6%&/+" *+/'" @!K"1a2" !"VA2" 7&/$(" @!K"1aA2" *$'"=*)(&" @!K"1aA;">,("%&-*$/+"
6*5(&" =*." +%66(+)('2" '&/('" %0(&" .%'/31" .368*)(2" *$'" +%$+'" 3$'(&" &('3+('" :&(..3&(;"
R(+&5.)*66/?*)/%$"%8"),(".%6/'"&(./'3("3./$-"(),56"*6+%,%6"*88%&'('"*1/'("2.53"@K;KH"-2"DD"
cA"*."=,/)(".%6/';"
2.53;"1;:;" p" DG[;HBDH!;D" %T" @(),56" *6+%,%6AP" #R" @FM&A" EDYG2" EKZZ2" D\EE2" D[EG2" !YEZ2"
!HH[" +1B!P" !I"XVR" @EKK"VI?2"TOT6EA" " H;ZK" @7.2" !IA2" G;!D" @12" !IA2" !;\\" @.2" EIA2"
!;ZDB!;ZY"@12"!IA2"!;Y[B!;Z!"@12"DIA2"!;YDB!;YY"@12"DIA2"!;YKB!;YD"@12"DIA2"!;HYB!;H["
@12"!IA2"!;HDB!;HH"@12"!IA2"!;G[B!;H!"@12"!IA2"!;GDB!;GY"@12"!IA2"!;EYB!;E\"@12"!IA2"
!;D\B!;EG" @12" DIA2" !;DEB!;DZ" @12" !IA2" !;D!" @'2" J" p" E;K" I?2" !IA2" !;![B!;!\" @12" !IA2"
!;!DB!;!Z"@12"DIA2"!;K[B!;!!"@12"!IA2"!;KKB!;KY"@12"!IA2"K;\DBK;\Z"@12"!IA2"K;[GBK;\K"
@12"!IA2"K;[!" @.2"EIA2"K;Z!BK;ZZ" @12"!IA2"K;Y\" @.2"EIAP" !ET"XVR"@ZH"VI?2"TOT6EA" "
!E!"
!Y\;G2" HH;K2" HG;\2" GH;K2" G!;E2" G!;K2" GK;Y2" E\;!2" EY;G2" EY;K2" EE;H2" EE;K2" ED;Y2" D[;Z2" DY;D2"
DH;Y2"DG;K2"D!;K2"DK;Z2"!Z;Z2"!!;Z;"
(3R,5S,8S,9S,10S,13S,14S)–10,13–dimethylhexadecahydro–1H–
cyclopenta[a]phenanthren–3–aminium 3,4–dicarboxy–3–hydroxybutanoate (2.54) 
"
#$"*"&%3$'"7%))%1"86*.42" B*1/$("2.44"@K;D!"-2"K;ZY"11%6A"=*."'/..%60('"/$">Id"@K;ZH"
1aA;" N" +/)&/+" *+/'" 2.15 @K;ED" -2" !;YZ" 11%6A" .%63)/%$" /$" >Id" @K;ZH" 1aA" =*." *''('"
'&%:=/.(" )%" ),(" B*1/$(".%63)/%$;">,("&(.36)/$-".%63)/%$"=*.".)/&&('"+%$)/$3%3.65"*)"&);"
N8)(&" .)/&&/$-" %0(&$/-,)2" '/(),56" (),(&" =*." *''('" *$'" ),(" .3.:($./%$" =*." .)/&&('"
+%$)/$3%3.65" *)" &);" >,(" :&(+/:/)*)(" ),*)" =*." 8%&1('" *8)(&" .(0(&*6" 1/$3)(." =*." 8/6)(&('2"
+%66(+)('2"*$'"'&/('")%"*88%&'('"+/)&*)("2.54"@K;D["-2"Z[cA;"
2.54;"!I"XVR"@EKK"VI?2"TOEbOA" "E;GZ"@.(9)()2"J p"!;Y"I?2"!IA2"D;ZE"@J2"J"p"!Y;G"I?2"
GIA2"!;[["@))2"J p"!H;D2"G;Y"I?2"!IA2"!;YHB!;ZH"@12"GIA2"!;G\B!;YE"@12"HIA2"!;GG"@J2"J"p"
D;E"I?2"!IA2"!;E\"@'2"J"p"D;!"I?2"!IA2"!;EGB!;EZ"@12"!IA2"!;E!"@)2"J p"E;["I?2"!IA2"!;DHB
!;D["@12"!IA2"!;D!B!;DG"@12"DIA2"!;!YB!;!\"@12"!IA2"!;K\B!;!G"@12"DIA2"K;[[B!;KY"@12"
DIA2"K;ZYBK;[H"@12"!IA2"K;[D"@.2"EIA2"K;Y\"@.2"EIA;
"
"
 
3 –Tosyloxy–5 –androstan–17–one (2.55) 
"
#$" *" DH"1a" &%3$'" 7%))%1" 86*.42" transB*$'&%.)(&%$(" 2.48" @!;KK" -2" E;GG"11%6A" *$'" pB
)%63($(.368%$56"+,6%&/'("@!;H!"-2"Z;\!"11%6A"=(&("'/..%60('"/$":5&/'/$("@G;EK"1aA;">,("
&(*+)/%$" 1/9)3&(" =*." .)/&&('" +%$)/$3%3.65" *)" &);" N8)(&" DG" ,2" ),(" &(*+)/%$" 1/9)3&(" =*."
!ED"
J3($+,('" 75" *''/$-"=*)(&" @!K"1aA" *$'" /)"=*." (9)&*+)('"=/),"OTV" @E" 9" DK"1aA;"N66"
%&-*$/+"6*5(&."=(&("+%66(+)('2"+%17/$('2"*$'"=*.,('"=/),",5'&%+,6%&/+"*+/'"@E"9"DK"1a2"
D"VA2"7&/$(".%63)/%$"@E"9"DK"1aA2"*$'"=*)(&"@E"9"DK"1aA2"'&/('"%0(&".%'/31".368*)(2"*$'"
+%$+'"3$'(&"&('3+('":&(..3&("=,/+,"*88%&'('")%.56*)("2.55 @!;EE"-2"[ZcA"*."=,/)(".%6/';"
2.55;"!I"XVR"@EKK"VI?2"TOT6EA" "Z;Z\"@')2"J"p"[;E2"!;\"I?2"DIA2"Z;EE"@''2"J"p"[;K2"K;H"
I?2"DIA2"G;GD" @,(:)()"J"p"H;\"I?2"!IA2"D;GG" @.2"EIA2"D;E[BD;GZ" @12"!IA2"!;\\BD;!!" @12"
!IA2"!;[YB!;\H"@12"!IA2"!;Z[B!;[K"@12"!IA2"!;Z!B!;ZZ"@12"DIA2"!;YHB!;Y\"@12"!IA2"!;HYB
!;YG"@12"EIA2"!;GGB!;HH"@12"EIA2"!;EKB!;E!"@12"!IA2"!;D[B!;D\"@12"DIA2"!;DDB!;DG"@12"
!IA2" !;![B!;DK" @12" !IA2" !;KGB!;!Y" @12" !IA2" K;[HB!;KK" @12" DIA2" K;[G" @.2" EIA2" K;[K" @.2"
!IA2"K;YKBK;Y\"@12"!IA;"
"
"
3 –Azido–5 – androstan–17–one (2.56) 
 
N".3.:($./%$"%8")%.56*)("2.55"@!;EE"-2"D;\\"11%6A"*$'".%'/31"*?/'("@!;\G"-2"D\;\"11%6A"
/$"OVLb"@ZH"1aA"=*.",(*)('" )%"\K" %T;"N8)(&"*::&%9/1*)(65"H",2" ),(" &(*+)/%$"1/9)3&("
=*."+%%6('"*)" &)"7(8%&("*''/$-"=*)(&" @!K"1aA;">,("'/63)('" .%63)/%$"=*."(9)&*+)('"=/),"
'/(),56" (),(&" @E" 9" DK" 1aA;" N66" %&-*$/+" 6*5(&." =(&(" +%66(+)('2" '&/('" %0(&" 1*-$(./31"
.368*)(2" *$'" +%$+'" 3$'(&" &('3+('" :&(..3&(;" >,(" .%6/'" &(./'3(" =*." &(+&5.)*66/?('" 8&%1"
(),56"*6+%,%6")%"*88%&'"*?/'("2.56"@K;D["-2"EKcA;""
2.56;"!I"XVR"@EKK"VI?2"TOT6EA" "E;[["@J3/$)2"J"p"D;Y"I?2"!IA2"D;GE"@''2"J"p"!K;E2"\;Y"
I?2"!IA2"D;KKBD;!D"@12"!IA2"!;[[B!;\Z"@12"!IA2"!;[!B!;[E"@12"!IA2"!;ZYB!;Z["@12"!IA2"
!;YYB!;ZD"@12"DIA2"!;YDB!;YH"@12"!IA2"!;H!B!;HY"@12"DIA2"!;E\B!;G\"@12"GIA2"!;!ZB!;EG"
@12"ZIA2"K;\GB!;K["@12"!IA2"K;[H"@.2"EIA2"K;[!"@.2"EIA;"
"
"
"
"
"
!EE"
"
"
3 –Amino–5 –androstan–17–one hydrochloride (2.57) 
 
#$"*" 86*1("'&/('" 86*.42" *?/'("2.56" @K;D["-2"K;[\"11%6A" *$'" )&/:,($56:,%.:,/$(" @K;EY"-2"
!;EZ"11%6A"=*."'/..%60('"/$">Id"@!H"1aA;">,(".%63)/%$"=*.".)/&&('"+%$)/$3%3.65"*)"&);"
N8)(&"*::&%9/1*)(65"![",2"=*)(&"@E"1aA"=*."*''('"*$'"),(".%63)/%$"=*.",(*)('")%"&(8639;"
N8)(&" !" ,2" ),(" .%63)/%$" =*." +%%6('" *)" &);" >,(" %&-*$/+" 6*5(&" =*." +%66(+)('2" '&/('" %0(&"
.%'/31".368*)(2"*$'"+%$+'"3$'(&"&('3+('":&(..3&(;">,("&(./'3("=*."'/..%60('"/$"'/(),56"
(),(&" @Z" 1aA" *$'" *" .%63)/%$" %8" ,5'&%+,6%&/+" *+/'" @K;[\" 1a2" D" VA" =*." *''('" =,/+,"
&(.36)('" )%" 8%&1*)/%$" %8" :&(+/:/)*)(;" >,(" :&(+/:/)*)(" =*." 8/6)(&('2" =*.,('" =/)," '/(),56"
(),(&2"*$'"'&/('")%"*88%&'",5'&%+,6%&/'("2.57"*."=,/)(".%6/'"@K;!K"-2"EZcA;""
2.57;"#R"@FM&A"EEDY2"D\DE2"!ZEZ2"!G\Y2"!GHH2"ZE!"+1B!P"!I"XVR"@EKK"VI?2"TOT6EA" "
[;GD"@7.2"EIA2"E;Y!"@7.2"!IA2"D;GD"@''2"J"p"!!;!2"[;Z"I?2"!"IA2"D;KKBD;!E"@12"!IA2"!;[YB
!;\G"@12"DIA2"!;ZYB!;[E"@12"EIA2"!;GGB!;YG"@12"ZIA2"!;!\B!;E["@12"YIA2"K;\HB!;!E"@12"
DIA2"K;[G"@.2"EIA2"K;[!"@.2"EIA;"
"
(3R,5S,8S,9S,10S,13S,14S)–3–iodo–10,13–dimethylhexadecahydro–1H–
cyclopenta[a]phenanthrene (2.58) 
"
#$" *" 86*1(" '&/('" &%3$'" 7%))%1" 86*.42" B*6+%,%6" 2.49" @!;KK" -2" E;YD" 11%6A" *$'"
)&/:,($56:,%.:,/$("@!;KG"-2"E;\["11%6A"=(&("'/..%60('"/$"7($?($("@!["1aA;"N".%63)/%$"
%8"O#NO"@K;ZZ"1a2"E;\["11%6A"/$"7($?($("@Z;HK"1aA"=*."*''('"'&%:=/.("%0(&".(0(&*6"
1/$3)(."8%66%=('"75"*".%63)/%$"%8"/%'%1(),*$("@K;DH"1a2"E;K["11%6A"/$"7($?($("@Z;HK"
1aA;" >,(" &(.36)/$-" 1/645" 5(66%=" .%63)/%$" =*." .)/&&('" +%$)/$3%3.65" *)" &);" N8)(&"
!EG"
*::&%9/1*)(65"DG",2"),("&(*+)/%$"1/9)3&("=*."+%$+'"*$'"),("&(./'3("=*.":3&/8/('"),&%3-,"
86*.,"+%631$"+,&%1*)%-&*:,5"(63)/$-"=/),",(9*$("=,/+,"*88%&'('"2.58"@!;KH"-2"ZHcA;"
2.58;"!I"XVR"@EKK"VI?2"TOT6EA" "G;\G"@J3/$)2"J p"D;Y"I?2"!IA2"!;\!"@:)2"J p"!H;G2"E;E"
I?2"!IA2"!;ZKB!;ZY"@12"!IA2"!;YYB!;Y\"@12"DIA2"!;H\B!;YG"@12"EIA2"!;HYB!;H["@12"!IA2"
!;HDB!;HG"@12"!IA2"!;G\"@)2"J"p"E;E"I?2"!IA2"!;GH"@)2"J p"D;D"I?1"!IA2"!;E\B!;GE"@12"!IA2"
!;EKB!;EY" @12" !IA2" !;D[" @'2" J p" G;K" I?2" !IA2" !;DDB!;DY" @12" DIA2" !;![B!;D!" @12" !IA2"
!;!EB!;!Z"@12"DIA2"!;KZB!;!!"@12"!IA2"K;\ZB!;KG"@12"!IA2"K;[\BK;\H"@12"!IA2"K;[EBK;[Z"
@12"!IA2"K;Z\"@.2"EIA2"K;Y\"@.2"EIA;""
(3S,5S,8S,9S,10S,13S,14S)–3–azido–10,13–dimethylhexadecahydro–1H–
cyclopenta[a]phenanthrene (2.59) 
"
#$"*"86*1("'&/('B&%3$'"7%))%1"86*.42"/%'/'("2.58"@!;KH"-2"D;ZD"11%6A"*$'".%'/31"*?/'("
@!;ZZ"-2"DZ;D"11%6A"=(&(".3.:($'('"/$"OVLb"@Y["1aA;">,(".3.:($./%$"=*.",(*)('")%"\K"
%T;"N8)(&"H",2"),(".%63)/%$"=*."+%%6('"*)"&)"7(8%&("J3($+,/$-"),("&(*+)/%$"75"*''/$-"=*)(&"
@HK"1aA;">,("J3($+,('"&(*+)/%$"1/9)3&("=*."(9)&*+)('"=/),"'/(),56"(),(&" @E"9"EK"1aA;"
>,("%&-*$/+" 6*5(&."=(&("+%66(+)('2"+%17/$('2"'&/('"%0(&"1*-$(./31".368*)(2"*$'"+%$+'"
3$'(&"&('3+('":&(..3&(;"<3&/8/+*)/%$"3./$-"86*.,"+%631$"+,&%1*)%-&*:,5"=/),",(9*$("*."
(63($)"8%66%=('"75"&(+&5.)*66/?*)/%$"3./$-"(),*$%6"*.".%60($)"*88%&'('"*?/'("2.59"@K;DY"-2"
EDcA"*."=,/)(".%6/';
2.59;"!I"XVR"@EKK"VI?2"TOT6EA" "E;DH"@')2"J p"!D;\2"G;H"I?2"!IA2"!;Z[B!;[Y"@12"!IA2"
!;ZDB!;ZY"@12"!IA2"!;YGB!;Z!"@12"DIA2"!;H[B!;YE"@12"DIA2"!;HDB!;HZ"@12"DIA2"!;G[B!;H!"
@12"!IA2"!;GGB!;GZ"@12"!IA2"!;GKB!;GE"@12"!IA2"!;EEB!;E\"@12"!IA2"!;DKB!;E!"@12"GIA2"
!;KDB!;!\"@12"GIA2"K;[EB"K;\\"@12"EIA2"K;[K"@.2"EIA2"K;Y["@.2"EIA2"K;Y!BK;ZK"@12"!IA;"
"
!EH"
(3S,5S,8S,9S,10S,13S,14S)–10,13–dimethylhexadecahydro–1H–
cyclopenta[a]phenanthren–3–aminium chloride (2.61) 
"
N".%63)/%$"%8" B*?/'("2.59"@K;DY"-2";[Y"11%6A"/$">Id"@D;HK"1aA"=*."*''('")%"*$"/+("+%6'"
.3.:($./%$" %8" aNI" @K;!!" -2" D;[G" 11%6A" /$" >Id" @E" 1aA;" >,(" .%63)/%$" =*." .)/&&('"
+%$)/$3%3.65" *)" K" %T" 8%&" !K"1/$" 7(8%&(" *66%=/$-" /)" )%"=*&1" 3:" )%" &)" *8)(&" =,/+," /)" /."
,(*)('")%"&(8639;"N8)(&"*::&%9/1*)(65"G",2"),("&(*+)/%$"1/9)3&("=*."*66%=('")%"+%%6"*)"&)"
*$'"=*."'/63)('"=/),">Id"@H;HK"1aA;">,("'/63)('" &(*+)/%$"1/9)3&("=*."+%%6('"*)"K" %T"
3./$-"*$"/+("7*),"*$'"=*."J3($+,('"3./$-"),("d/(.(&"1(),%';[H">,("&(.36)/$-"1/645"=,/)("
.3.:($./%$"=*."8/6)(&('"),&%3-,"+(6/)("*$'"=*.,('"=/),">Id;">,("8/6)&*)("=*."'&/('"%0(&"
1*-$(./31".368*)("*$'"+%$+'"3$'(&"&('3+('":&(..3&(;">,("&(./'3("=*."),($"&('/..%60('"
/$" TIT6E;" >,(" .%63)/%$" =*." 8/6)(&('" )%" &(1%0(" *$5" 3$'/..%60('" .%6/'.;" N" .%63)/%$" %8"
,5'&%+,6%&/+" *+/'" @K;[Y" 1a2" D;K" V" /$" '/(),56" (),(&A" =*." *''('" )%" ),(" 8/6)&*)(" =,/+,"
&(.36)('")%"),("8%&1*)/%$"%8":&(+/:/)*)(;">,(":&(+/:/)*)("=*."8/6)(&('2"+%66(+)('"*$'"'&/('"
)%"*88%&'" B*1/$(".*6)"2.61"@K;DK"-2"ZGcA"*."=,/)(":%='(&5".%6/';"
2.61;" 1;:;" p" DZY;D" %T" @'/(),56" (),(&A" @'(+;AP" #R" @FM&A" EGG\2" D\D[2" DEY!2" !\[G2" !GH!2"
!EZZ"+1B!P"
!I"XVR"@EKK"VI?2"TOT6EA" "[;D\"@7.2"EIA2"E;!E"@7.2"!IA2"!;\\"@*::"'2"!IA2"
!;HHB!;H[K"@12"!KIA2"!;E[B!;G["@12"DIA2"!;DEB!;EH"@12"GIA2"!;KYB!;!\"@12"GIA2"K;[\B"
!;KD"@12"EIA2"K;[G"@.2"EIA2"K;Y["@.2"EIAP"!ET"XVR"@ZH"VI?2"TOT6EA" "HG;Z2"HG;H2"H!;H2"
GH;E2"G!;K2"GK;Y2"E\;K2"EY;\2"EH;\2"EH;Z2"EE;E2"ED;G2"D[;H2"DZ;!2"DH;Z2"D!;E2"DK;Z2"!Z;[2"!D;H;"
"
"
"
"
!EY"
"
(3S,5S,8S,9S,10S,13S,14S)–10,13–dimethylhexadecahydro–1H–
cyclopenta[a]phenanthren–3–aminium 3,4–dicarboxy–3–hydroxybutanoate (2.62) 
"
N1/$("2.60"@K;D!"-2"K;ZY"11%6A"=*."'/..%60('"/$">Id"@HK"1aA;">,(".%63)/%$"=*."8/6)(&('"
)%" &(1%0("*66" 3$'/..%60('" .%6/'.;"N" .%63)/%$"%8" +/)&/+" *+/'"2.15" @K;!H"-2" K;ZY"11%6A" /$"
>Id" @E" 1aA" =*." *''('" )%" ),(" .%63)/%$;" >,(" &(.36)/$-" +6%3'5" .%63)/%$" =*." .)/&&('"
+%$)/$%3.65" *)" &%%1" )(1:(&*)3&(;" N8)(&" !D" ,;2" ),(" :&(+/:/)*)(" =*." 8/6)(&('2" +%66(+)('2"
=*.,('"%0(&"'/(),56"(),(&2"*$'"'&/('")%"*88%&'"*1/$("+/)&*)("2.62"@K;DZ"-2"ZYcA"*."=,/)("
.%6/';"
2.62;"1;:;"p"DK!;E"%T"@>IdA"@'(+;AP"!I"XVR"@EKK"VI?2"TOEbOA" "E;KGBE;!G"@12"!IA2"
D;Z\" @J2"J" p" !H;H"I?2" GIA2" !;[!B!;[[" @12" DIA2" !;Z!B!;Z[" @12" EIA2" !;YEB!;Y[" @12" DIA2"
!;H!B!;YD"@12"GIA2"!;G!B!;GZ"@12"DIA2"!;EGB!;E\"@12"EIA2"!;D\B!;ED"@12"!IA2"!;DHB!;D["
@12"!IA2"!;DKB!;DE"@12"!IA2"!;!GB!;!["@12"EIA2"!;K[B!;!!"@12"!IA2"!;KDB!;KY"@12"!IA2"
K;\!B!;KK"@12"DIA2"K;[["@.2"EIA"2"K;Z!"@.2"EIA;"
(5S,8S,9S,10S,13S,14S)–10,13–dimethyltetradecahydro–1H–
cyclopenta[a]phenanthren–3(2H)–one (2.65) 
"
N" .%63)/%$" %8" *6+%,%6" 2.49" @!;KK-2" E;YD" 11%6A" /$" OTV" @DK" 1aA" =*." *''('" )%" *"
.3.:($./%$"%8":5&/'/$/31"+,6%&%+,&%1*)("@!;HY"-2"Z;DG"11%6A"*$'"./6/+*"-(6"@!;HY"-A"/$"
OTV"@H"1aA;">,("&(.36)/$-"76*+4"%&*$-(".%63)/%$"=*.".)/&&('"+%$)/$3%3.65"*)"&)"8%&"D",;"
>,(" &(*+)/%$"1/9)3&("=*." 8/6)(&('" ),&%3-," *" :63-" %8" ./6/+*" -(6" (63)/$-"=/),"OTV;">,("
8/6)&*)("=*."+%$+'"3$'(&"&('3+('":&(..3&("=,/+,"*88%&'('"4()%$("2.65"@K;\D"-2"\EcA;"
!EZ"
2.65;"!I"XVR"@EKK"VI?2"TOT6EA" "D;!["B"D;GK"@12"EIA2"!;\GBD;KY"@12"DIA2"!;YGB!;Z!"
@12"DIA2"!;HZB!;YE"@12"DIA2"!;GGB!;HH"@12"EIA2"!;EEB!;GE"@12"DIA2"!;DGB!;EE"@12"GIA2"
!;KGB!;D!"@12"EIA2"K;\Z"@.2"EIA2"K;[DBK;\H"@12"DIA2"K;ZE"@''2"J"p"!K;Z2"G;D"I?2"!IA2"K;YZ"
@.2" EIAP" !ET"XVR" @ZH"VI?2"TOT6EA" " D!K;Z2" HG;K2" HE;[2" GY;G2" GG;E2" GK;H2" GK;!2" E[;H2"
E[;E2"EZ;[2"EH;G2"EH;G2"E!;[2"D[;Z2"DH;D2"D!;D2"DK;D2"!Z;D;"
"
"
(2R,5S,8S,9S,10S,13S,14S)–2–bromo–10,13–dimethyltetradecahydro–1H–
cyclopenta[a]phenanthren–3(2H)–one (2.77) 
"
N".%63)/%$"%8"4()%$("2.65"@K;!["-2"K;YY"11%6A"/$"*+()/+"*+/'"@Y;YK"1aA"=*."=*&1('")%"HK"
%T;"<5&/'/$/31")&/7&%1/'("2.126" @K;DE"-2"K;YY"11%6A"=*."*''('"/$"%$(":%&)/%$"*$'"),("
.%63)/%$"=*." .)/&&('"+%$)/$3%3.65;"N8)(&" .(0(&*6" .(+%$'.2"*":&(+/:/)*)("=*." 8%&1(';">,("
:&(+/:/)*)(" =*." 8/6)(&('2" +%66(+)('2" *$'" '&/('" )%" *88%&'" 7&%1/'(" 2.77" @K;!H" -2" YHcA" *."
=,/)(":%='(&5".%6/';"
2.77;"#R"@FM&A"D\DG2"D[YH2"D[GY2"!Z!Y2"!YHY2"!E!!"+1B!P" "p"jD\;D"@c"!;!E2"OTVAP"
!I"XVR"@EKK"VI?2"TOT6EA" "G;ZH"@''2"J p"!E;G2"Y;E"I?2"!IA2"D;YG"@''2"J"p"!D;Y2"Y;E"I?2"
!IA2" D;EZBD;G[" @12" DIA2" !;[G" @'2"J" p" !E;G"I?2" !IA2" !;ZGB!;ZZ" @12" !IA2" !;Y\B!;ZE" @12"
!IA2"!;HDB!;YZ"@12"YIA2"!;GKB!;GZ"@12"DIA2"!;EDB!;E["@12"DIA2"!;D!B!;E!"@12"!IA2"!;!DB
!;!\"@12"DIA2"!;K["@.2"EIA2"K;[[B!;K!"@12"DIA2"K;ZYBK;[D"@12"!IA2"K;Z!"@.2"EIAP"!ET"XVR"
@ZH"VI?2"TOT6EA" "DK!;H2"HG;\2"HG;G2"HG;!2"HD;!2"GZ;Z2"GG;D2"G!;!;2"GK;H2"E\;G2"E[;[2"EH;H2"
ED;!2"D[;Z2"DH;Z2"D!;[2"DK;Z2"!Z[2"!D;G;"
"
"
"
"
"
!;!\
O
!E["
"
(2R,5S,8S,9S,10S,13S,14S)–10,13–dimethyl–4,5,6,7,8,9,10,11,12,13,14,15,16,17–
tetradecahydro–3H–cyclopenta[a]phenanthren–3–one (2.69) 
"
N" .3.:($./%$"%8"7&%1%4()%$("2.77" @K;DD"-2"K;YD"11%6A2" 6/),/31"7&%1/'(" @K;ED"-2"E;ZD"
11%6A2"*$'"6/),/31"+*&7%$*)("@K;DZ"-2"E;ZD"11%6A"/$"OVd"@YD"1aA"=*.",(*)('")%"&(8639;"
N8)(&"*::&%9/1*)(65"E",2"),("&(*+)/%$"1/9)3&("=*."+%%6('")%"&)"7(8%&("*''/$-"/)")%"+&3.,('"
/+(;">,("J3($+,('" &(*+)/%$"1/9)3&("=*." (9)&*+)('"=/)," (),56" *+()*)(" @E" 9" DK"1aA;">,("
%&-*$/+" 6*5(&."=(&("+%66(+)('2"+%17/$('2"=*.,('"=/),"+%6'"=*)(&"*$'"7&/$(2"'&/('"%0(&"
.%'/31" .368*)(2" *$'" +%$+'" 3$'(&" &('3+('" :&(..3&(;" >,(" +%$+'" &(*+)/%$" 1/9)3&(" =*."
:3&/8/('" =/)," 86*.," +%631$" +,&%1*)%-&*:,5" 3./$-" DKc" (),56" *+()*)(" /$" ,(9*$(" *." ),("
(63($)"=,/+,"*88%&'('"2.69"@K;!E"-2"ZYcA"*."*$"%88B=,/)(".%6/';"
2.69;">aT"Rf"p"K;HD"@,(9*$(^(),56"*+()*)(2"G^!AP"!I"XVR"@EKK"VI?2"TOT6EA" "Z;!G"@'2"J"
p"!K;D"I?2"!IA2"H;[E"@'2"J"p"!K;D"I?2"!IA2"D;EH"@''2"J"p"!Z;Y2"!G;K"I?2"!IA2"D;!\"@''2"J"p"
!Z;Z2"E;["I?2"!IA2"!;[EB!;\H"@12"!IA2"!;Y[B"!;[K"@12"EIA2"!;H!B!;YZ"@12"EIA2"!;EDB!;HK"
@12"HIA2"!;K\B!;DE"@12"EIA2"K;\KB!;KH"@12"EIA2"K;\\"@.2"EIA2"K;Z!"@.2"EIAP"!ET"XVR"@ZH"
VI?2"TOT6EA" DKK;G2"!H[;[2"!DZ;H2"HG;Y2"HK;G2"GG;H2"G!;D2"G!;!2"GK;G2"E\;D2"E[;[2"EY;D2"
E!;[2"DZ;[2"DH;H2"D!;G2"DK;Z2"!E;D;"
"
"
 
(5S,8S,9S,10S,13S,14S)–2–azido–10,13–dimethyltetradecahydro–1H–
cyclopenta[a]phenanthren–3(2H)–one oxime (2.70) 
 
#$" *" &%3$'" 7%))%1" 86*.42" ($%$(" 2.69 @K;!D" -2" K;GG" 11%6A" =*." .3.:($'('" /$"
1(),*$%6^=*)(&" @H" 1a2" !^!A;" I5'&%956*1/$(" ,5'&%+,6%&/'(" @K;!D" -2" !;ZG" 11%6A" *$'"
.%'/31" *+()*)(" @K;!Z" -2" D;KZ" 11%6A" =(&(" *''('" )%" ),(" .3.:($./%$" *$'" ),(" &(*+)/%$"
1/9)3&("=*.",(*)('")%"&(8639;"N8)(&"G",2"),("&(*+)/%$"1/9)3&("=*."+%%6('"*$'"=*)(&"@D;HK"
!E\"
1aA"=*."*''('"*$'"),("&(*+)/%$"1/9)3&("=*."&(8639('"8%&"*$%),(&"H"1/$.;">,("&(*+)/%$"
1/9)3&("=*."+%%6('"*)"&)"*$'"=*."(9)&*+)('"=/),"OTV"@E"9"!K"1aA;">,("%&-*$/+"6*5(&."
=(&("+%66(+)('2"+%17/$('2"=*.,('"=/),"7&/$(2"'&/('"%0(&".%'/31".368*)(2"*$'"+%$+'"3$'(&"
&('3+('":&(..3&(")%"*88%&'"%9/1("2.70"@K;!E"-2"!KKcA"*."*"7(/-(".%6/';"
2.70;"!I"XVR"@EKK"VI?2"TOT6EA" "Y;GD"@'2"J"p"!K;!"I?2"!IA2"Y;KK"@'2"J"p"!K;!"I?2"!IA2"
D;[!" @''2"J" p"![;K2" G;D"I?2" !IA2" D;!!" @''2"J" p"![;!2" !E;H"I?2" !IA2" !;Y\B!;Z[" @12"EIA2"
!;HZB"!;YY"@12"EIA2"!;G\B!;HH"@12"!IA2"!;DHB!;GZ"@12"HIA2"!;KHB!;!\"@12"EIA2"K;[\B!;KD"
@12"EIA2"K;[\"@.2"EIA2"K;ZD"@.2"EIA;"
"
(5S,8S,9S,10S,13S,14S)–10,13–dimethyltetradecahydro–3H–
cyclopenta[a]phenanthren–3–one O–tosyl oxime (2.71) 
#$"*"&%3$'"7%))%1"86*.42"%9/1("2.70"@K;!!"-2"K;E["11%6A"=*."'/..%60('"/$":5&/'/$("@E;GH"
1aA;"pB>%63($(.368%$56"+,6%&/'("2.123"@K;!H"-2"K;Z\"11%6A"=*."*''('"*$'"),("&(*+)/%$"
1/9)3&("=*.".)/&&('"+%$)/$%3.65"*)"&)"8%&"E",;">,("&(*+)/%$"=*."J3($+,('"75"*''/$-"=*)(&"
@H" 1aA;" >,(" J3($+,('" &(*+)/%$" 1/9)3&(" =*." (9)&*+)('" =/)," OTV" @E" 9" !K" 1aA;" >,("
%&-*$/+" 6*5(&."=(&("+%66(+)('2"+%17/$('2"=*.,('"=/),",5'&%+,6%&/+"*+/'"@DK"1a2"!"VA2"
'&/('" %0(&" .%'/31" .368*)(2" *$'" +%$+'" 3$'(&" &('3+('" :&(..3&(" )%" *88%&'"OB)%.56" %9/1("
2.71"@K;DD"-2"J3*$)/)*)/0(A"*."*"=,/)(".%6/';"
2.71;"!I"XVR"@EKK"VI?2"TOT6EA" "Z;Z\"@'2"J"p"[;E"I?2"DIA2"Z;DH"@'2"J"p"[;!"I?2"DIA2"
Y;HZ"@'2"J"p"!K;E"I?2"!IA2"H;[Z"@'2"J"p"!K;D"I?2"!IA2"D;Z!"@''2"J"p"![;E2"G;D"I?2"!IA2"D;EY"
@.2"EIA2"D;!K"@''2"J"p"![;H2"!E;G"I?2"!IA2"!;YHB!;Z!"@12"DIA2"!;HYB"!;YE"@12"DIA2"!;HKB
!;HH"@12"DIA2"!;G!B!;G["@12"!IA2"!;EGB!;E["@12"DIA2"!;DHB!;ED"@12"DIA2"!;![B!;DG"@12"
!IA2"!;K!B!;!D" @12"EIA2"K;[GBK;\G" @12"DIA2"K;[KBK;\G" @12"!IA2"K;ZY" @.2"EIA" 2"K;YE" @.2"
EIA;"
!GK"
(5aR,5bS,7aS,10aS,10bR,12aR)–5a,7a–dimethyl–
1,2,5b,6,7,7a,8,9,10,10a,10b,11,12,12a–tetradecahydrocyclopenta[5,6]naphtho[2,1–
c]azepin–3(5aH)–one (2.72) 
"
b9/1(" 2.70" @K;!E" -2" K;GH" 11%6A" =*." +%%6('" *)" BZ[" %T" 3./$-" *" '&5" /+(e*+()%$(" 7*),;"
>,/%$56" +,6%&/'(" @!;D\" 1a2" !Z;Y\" 11%6A" =*." *''('" *$'" ),(" .%63)/%$" =*." .)/&&('"
+%$)/$%3.65" *)" BZ[" %T;" N8)(&" DK"1/$2" ),(" &(*+)/%$"1/9)3&(" =*." *''('" )%" *" .%63)/%$" %8"
.%'/31" ,5'&%9/'(" =,/+," &(.36)('" )%" 8%&1*)/%$" %8" *" :&(+/:/)*)(;" >,(" :&(+/:/)*)(" =*."
+%66(+)('2"=*.,('"%0(&"=*)(&2"'&/('2"*$'"=*.":3&/8/('"3./$-"86*.,"+%631$"+,&%1*)%-&*:,5"
=/)," DKc" (),56" *+()*)(" /$" ,(9*$(" *." (63($)" )%" *88%&'" 3$.*)3&*)('" 6*+)*1" 2.72" @K;KH" -2"
E[cA"*."*"%88B=,/)(".%6/';"
2.72;"!I"XVR"@EKK"VI?2"TOT6EA" "\;KK"@7.2"!IA2"Y;GE"@'2"J"p"!K;!"I?A2"H;\["@'2"J"p"!K;!"
I?2"!IA2"D;[!"@''2"J"p"![;!2"G;D"I?2"!IA2"D;!K"@''2"J"p"![;K2"!E;H"I?2"!IA2"!;Y\B!;ZZ"@12"
EIA2"!;HZB!;YY"@12"EIA2"!;HKB!;HG"@12"!IA2"!;GDB!;G["@12"DIA2"!;DGB!;GK"@12"EIA2"!;!KB
!;D!"@12"EIA2"K;\!B!;K!"@12"EIA2"K;[Z"@.2"EIA"2"K;Z!"@.2"EIA;"
(2R,5S,8S,9S,10S,13S,14S)–2–azido–10,13–dimethyltetradecahydro–1H–
cyclopenta[a]phenanthren–3(2H)–one (2.78) 
 
#$"*"86*1('"'&/('"&%3$'"7%))%1"86*.42"7&%1/'("2.77"@!;[\"-2"H;EH"11%6A"=*.".3.:($'('"
/$"OVd"@\K"1aA;"L%'/31"*?/'("@K;GD"-2"Y;GD"11%6A"=*."*''('")%"),(".3.:($./%$"*$'"),("
&(*+)/%$"1/9)3&("=*.".)/&&('"+%$)/$3%3.65"*)"D["%T;"N8)(&"*::&%9/1*)(65"D",2"),("&(*+)/%$"
1/9)3&("=*." :%3&('" %$)%" +&3.,('" /+(;"N8)(&" ),(" /+("1(6)('" /)"=*." (9)&*+)('"=/)," (),56"
*+()*)(" @E" 9" HK" 1aA;" >,(" %&-*$/+" 6*5(&." =(&(" +%66(+)('2" +%17/$('2" =*.,('" =/)," +%6'"
=*)(&" @E" 9" HK"1aA" *$'" 7&/$(2" '&/('" %0(&"1*-$(./31" .368*)(2" *$'" +%$+'" 3$'(&" &('3+('"
!G!"
:&(..3&(;">,("&(./'3("=*."&(+&5.)*66/?('"8&%1"(),56"*6+%,%6")%"*88%&'"*?/'("2.78"@!;EH"-2"
[KcA"*."6/-,)"7&%=$".%6/';"
2.78;"1;:;"p"!E!;HB!ED;Y"%T"@(),56"*6+%,%6AP">aT"R8"p"K;YE"@,(9*$(^(),56"*+()*)(2"G^!AP"
#R"@FM&A"D\D[2"D[EE2"D!KH2"!Z!G2"!D[D2"!!HY"+1B!P" "p"jHG;["@c"!;KK2"OTVAP"!I"
XVR"@EKK"VI?2"TOT6EA" "E;\["@''2"J p"!E;!2"Y;G"I?2"!IA2"D;D!BD;GD"@12"EIA2"!;Y\B!;ZZ"
@12"DIA2"!;HDB!;YZ"@12"YIA2"!;D!B!;G["@12"YIA2"!;!EB!;!\"@12"DIA2"!;K\"@.2"EIA2"K;[[B
!;K!"@12"DIA2"K;ZYBK;[Y"@12"!IA2"K;Z!"@.2"EIAP"!ET"XVR"@ZH"VI?2"TOT6EA" "DKH;H2"YG;D2"
HG;G2"HG;D2GZ;\2"GH;[2"GG;K2"G!;!2"GK;H2"E[;[2"EZ;E2"EH;G2"ED;!2"D[;Z2"DH;Z2"D!;[2"DK;Z2"!Z;Z2"
!D;[;
"
 
2R–azido–10,13–dimethylhexadecahydro–1H–cyclopenta[a]phenanthren–3S–ol 
(2.79) 
2R–azido–10,13–dimethylhexadecahydro–1H–cyclopenta[a]phenanthren–3R–ol 
(2.80) 
 
N":&(B+%%6('" .%63)/%$"%8" *?/'%4()%$("2.78" @!;E["-2" G;EZ"11%6A" /$"OTV" @E!"1aA"=*."
*''('" )%" *" +%%6('" .3.:($./%$" %8" .%'/31" 7%&%,5'&/'(" @K;GG" -2" !!;H" 11%6A" /$"
OTV^1(),*$%6"@!GY"1a2"!^!A"*)"BZ["%T"3./$-"*$"'&5"/+(e*+()%$("7*),"=/),"*"+*$36*;">,("
&(*+)/%$"1/9)3&("=*.".)/&&('"+%$)/$3%3.65"*)"BZ["%T;"N8)(&"*::&%9/1*)(65"D",2"),("&(*+)/%$"
1/9)3&("=*."J3($+,('"75"*''/$-".%'/31",5'&%9/'(".%63)/%$"@GK"1a2"D"VA;">,("%&-*$/+"
6*5(&"=*." +%66(+)('2" '&/('"%0(&" .%'/31" .368*)(2" *$'" +%$+'"3$'(&" &('3+('":&(..3&(;">,("
+%$+($)&*)(" =*." :3&/8/('" ),&%3-," *" -&*0/)5" +%631$" +,&%1*)%-&*:,5" 3./$-" !KB!HBDKc"
(),56"*+()*)("/$",(9*$(")%"*88%&'"2.79"@K;!\"-2"DGcA"*."=,/)(".%6/'"*$'"2.80"@K;Y!"-2"GGcA"
*."*"+6(*&"+%6%&6(.."$(('6("+&5.)*6.;"
2.79;"1;:;"p"ZY;GB[!;E"%T"@OTVAP">aT"Rf"p"K;Y\"@,(9*$(^(),56"*+()*)(2"G^!AP"#R"@8/61A"
EGEH2"D\DZ2"DK\\2"!GH!2"!DG[2"!KE["+1B!P "p"BYK;Z"@c"!K;\G2"OTVAP"!I"XVR"@EKK"
VI?2"TOT6EA" "E;\Y"@7.2"EIA2"E;HD"@'J2"J"p"!D;H2"G;Y2"E;K2"I?2"!IA2"D;KZ"@.2"!IA2"!;YHB
!;[K"@12"EIA2"!;HEB!;YD"@12"HIA2"!;EHB!;HK"@12"EIA2"!;D!B!;ED"@12"EIA2"!;K[B!;!["@12"
G;D!
O
[;DK
O
!GD"
GIA2"K;[ZB!;K!"@12"EIA2"K;[D"@.2"EIA2"K;Y["@.2"EIAP"!ET"XVR"@ZH"VI?2"TOT6EA" "Y[;D2"
Y!;D2"HG;Y2"HG;Y2"G!;K2"GK;Y2"E[;\2"E[;E2"EZ;D2"EZ;!2"EH;Y2"EG;H2"ED;G2"DZ;\2"DH;Z2"D!;D2"DK;Z2"
!Z;[2"!D;H;"
2.80;"1;:;"p"!DZ;ZB!EK;K"%T"@OTVAP">aT"Rf"p"K;YZ"@,(9*$(^(),56"*+()*)(2"G^!AP"#R"@8/61A"
EEHD2"D\ED2"D[YD2"D!KE2"!GHD2"!DYD"+1B!P" "p"BE!;G"@c"\;DE2"OTVAP"!I"XVR"@EKK"
VI?2"TOT6EA" "E;EDBE;G["@12"DIA2"D;!G"@'2"J"p"D;\2"I?2"!IA2"D;KG"@''2"J"p"!D;[2"G;G"I?2"
!IA2"!;YZB!;ZY"@12"EIA2"!;H\B!;YH"@12"DIA2"!;HKB!;H["@12"DIA2"!;E[B!;GY"@12"DIA2"!;DYB
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2R–azido–10,13–dimethylhexadecahydro–1H–cyclopenta[a]phenanthren–3S–ol 
(2.79) 
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(2R,3S,5S,8S,9S,10S,13S,14S)–2–azido–10,13–dimethylhexadecahydro–1H–
cyclopenta[a]phenanthren–3–yl acetate (2.84) 
"
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(2R,3R,5S,8S,9S,10S,13S,14S)–2–azido–10,13–dimethylhexadecahydro–1H–
cyclopenta[a]phenanthren–3–yl acetate( 2.85) 
"
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(2R,3S,5S,8S,9S,10S,13S,14S)–3–hydroxy–10,13–dimethylhexadecahydro–1H–
cyclopenta[a]phenanthren–2–aminium chloride (2.86)
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(2R,3R,5S,8S,9S,10S,13S,14S)–3–hydroxy–10,13–dimethylhexadecahydro–1H–
cyclopenta[a]phenanthren–2–aminium chloride (2.87) 
"
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(2R,5S,8S,9S,10S,13S,14S)–2–azido–10–methyltetradecahydro–1H–
cyclopenta[a]phenanthren–3(2H)–one O–methyl oxime (2.88) 
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*''('"*$'"),("1/9)3&("=*."8/6)(&('"),&%3-,"+(6/)(;">,("8/6)&*)("=*."+%$+'"3$'(&"&('3+('"
:&(..3&(;" >,(" +%$+($)&*)(" =*." '/..%60('" /$" OTV" @!K" 1aA" *$'" /)" =*." =*.,('" =/),"
,5'&%+,6%&/+"*+/'"@E"9"!K"1a2"DVA;">,("%&-*$/+"6*5(&"=*."+%66(+)('2"'&/('"%0(&".%'/31"
.368*)(2"*$'"+%$+'"3$'(&"&('3+('":&(..3&(")%"*88%&'"OB1(),56%9/1("2.88"@K;HY"-2"Z[cA"
*."*$"%88B=,/)(".%6/';"
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(2R,5S,8S,9S,10S,13S,14S)–2–amino–10,13–dimethyltetradecahydro–1H–
cyclopenta[a]phenanthren–3(2H)–one O–methyl oxime (2.90) 
"
N?/'%%9/1(" 2.88" @K;DE" -2" K;YZ" 11%6A" =*." '/..%60('" /$" >Id" @[;EH" 1aA;"
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(2R,5S,8R,9S,10S,13S,14S,Z)–3–(methoxyiminio)–10,13–dimethylhexadecahydro–
1H–cyclopenta[a]phenanthren–2–aminium chloride (2.91) 
"
#$" *" &%3$'" 7%))%1" 86*.42" *?/'%" NB1(),56" %9/1(" 2.88" @K;Y!" -2" !;ZZ" 11%6A" *$'"
)&/:,($56:,%.:,/$(" @!;E\" -2" H;E!" 11%6A" =*." '/..%60('" /$" >Id" @GH" 1aA;"]*)(&" @EZ;\"
11%62"K;Y["1aA"=*."*''('"*$'"),("&(*+)/%$"1/9)3&("=*.".)/&&('"+%$)/$%3.65"*)"&);"N8)(&"
G[" ,2" ),(" &(*+)/%$"1/9)3&("=*." +%$+'" 3$'(&" &('3+('" :&(..3&(" *$'"=*)(&" =*." &(1%0('"
*?(%)&%:/+*665" 3./$-" )%63($(;" >,(" &(./'3(" =*." '/..%60('" /$" '/(),56" (),(&" @DK" 1aA;" N"
.%63)/%$"%8",5'&%-($"+,6%&/'("/$"'/(),56"(),(&"@Z;K["11%62"E;HG"1a2"D;K"V"/$"IT6A"=*."
*''('" '&%:=/.("=,/+," &(.36)('" /$" ),(" 8%&1*)/%$" %8" *"=,/)(" :&(+/:/)*)(;" >,(" :&(+/:/)*)("
=*." 8/6)(&('"*$'" ),($" .3.:($'('" /$"'/(),56"(),(&" *$'" .)/&&('"+%$)/$%3.65"%0(&$/-,);">,("
:&(+/:/)*)("=*."8/6)(&('2"=*.,('"=/),"'/(),56"(),(&2"'&/('2"*$'"+%66(+)('")%"-/0("2.91"@K;!K"
-2"!Zc"%0(&"D".)(:.A"*."*"=,/)(".%6/';"
2.91;"#R"@FM&A"EGDH2"D\EG2"D[Y\2"!YHH2"!KGZ2"\HZ"+1B!P"!I"XVR"@EKK"VI?2"TOEbOA"
E;\\"@''2"J p"!D;[2"H;K"I?2"!IA2"E;[\"@.2"EIA2"E;KY"@''2"J"p"!H;K2"E;Y"I?2"!IA2"D;EK"@''2"J"p"
!D;!2"H;D"I?2"!IA2"!;ZEB!;[E"@12"EIA2"!;YGB!;Z!"@12"DIA2"!;HGB!;YE"@12"DIA2"!;G!B!;H!"
@12"EIA2"!;DZB!;E[" @12"EIA2"!;!DB!;DG" @12"GIA2"!;KD" @.2"EIA2"K;\KB!;KK" @12"DIA2"K;[E"
@')2"J"p"!D;!2"D;\"I?2"!IA2"K;ZH"@.2"EIAP"!ET"XVR"@ZH"VI?2"TOEbOA^" "!HH;Y2"YD;H2"HH;Z2"
HH;H2"GZ;!2"GH;!2"GD;K2"G!;H2"GK;K2"E[;K2"EY;[2"EE;E2"D\;G2"D[;!2"DY;Y2"DD;Y2"D!;H2"![;K2"!D;Y;"
!G\"
"
"
(2R,3R,5S,8R,9S,10S,13S,14S)–2–azido–10,13–dimethylhexadecahydro–1H–
cyclopenta[a]phenanthren–3–yl methanesulfonate (2.92) 
"
#$"*"&%3$'"7%))%1"86*.42"*?/'%*6+%,%6"2.80"@K;!K"-2"K;E!"11%6A"=*."'/..%60('"/$":5&/'/$("
@!;KK"1aA;"V(),*$(.368%$56"+,6%&/'("@K;KG"1a2"K;HE"11%6A"=*."*''('"'&%:=/.("*$'"),("
&(*+)/%$"1/9)3&("=*.".)/&&('"+%$)/$3%3.65"8%&"DG",;"]*)(&"@H"1aA"=*."),($"*''('")%"),("
&(*+)/%$"1/9)3&(" )%" J3($+," ),(" &(*+)/%$;" >,(" J3($+,('" &(*+)/%$"1/9)3&("=*." (9)&*+)('"
=/),"OTV" @E" 9" DK"1aA;">,(" %&-*$/+" 6*5(&."=(&(" +%66(+)('2"=*.,('"=/)," ,5'&%+,6%&/+"
*+/'"@D"9"!K"1a2"Y"VA"8%66%=('"75".*);".%'/31"7/+*&7%$*)("@D"9"!K"1aA"*$'"=*)(&"@D"9"!K"
1aA;">,(" .%63)/%$"=*."'&/('"%0(&" .%'/31" .368*)(" *$'" +%$+'"3$'(&" &('3+('":&(..3&(" )%"
*88%&'"1(.56*)("2.92"*."*$"%88B=,/)(".%6/'"@K;!!"-2"\DcA;"
2.92;"1;:;"p"!!H;KB!![;D"%T"@OTVAP"#R"@FM&A"D\EE2"D[YZ2"D!KH2"!EYD2"!!ZE2"\GZ"+1B!P
"p"B!\;["@c"!;YZ2"OTVAP"!I"XVR"@EKK"VI?2"TOT6EA" "G;EH"@')2"J"p"Z;[2"H;Y"I?2"
!IA2"E;HZBE;YY"@12"!IA2"E;K\"@.2"EIA2"D;!K"@''2"J"p"!E;K2"G;\"!IA2"!;\G"@'''2"J"p"!E;!2"H;G2"
D;E"I?2"!IA2"!;YHB!;ZG" @12"EIA2"!;HHB!;YG" @12"EIA2"!;G!B!;HE" @12"DIA2"!;EDB!;E[" @12"
DIA2"!;![B!;EK"@12"GIA2"!;KHB!;!H"@12"GIA2"K;[\B!;K!"@12"!IA2"K;[Z"@.2"EIA2"K;ZH"@''2"J"
p"!D;K2"G;!"I?2"!IA2"K;Y["@.2"EIAP"!ET"XVR"@ZH"VI?2"TOT6EA" "[G;!2"YK;Z2"HG;D2"HG;!2"
GG;D2"GD;[2"GK;E2"E[;Y2"EH;D2"EG;Z2"ED;K2"DZ;G2"DH;H2"D!;E2"DK;H2"!Z;H2"!D;\;"
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"
(2R,3S,5S,8R,9S,10S,13S,14S)–2,3–diazido–10,13–dimethylhexadecahydro–1H–
cyclopenta[a]phenanthrene (2.93) 
"
N".3.:($./%$"%8"*?/'%1(.56*)("2.91 @K;ED"-2"K;EK"11%6A"*$'".%'/31"*?/'("@K;KG"-2"K;YK"
11%6A"/$"OVd"@E"1aA"=*.",(*)('")%"!KK"%T;"N8)(&"DK",2"),("&(*+)/%$"1/9)3&("=*."+%%6('"
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*$'"=*."*''('" )%"+&3.,('" /+(;">,("J3($+,('"&(*+)/%$"1/9)3&("=*."(9)&*+)('"=/),"(),56"
*+()*)("@E"9"!K"1aA"*$'"),("%&-*$/+"6*5(&."=(&("+%66(+)('2"+%17/$('2"=*.,('"=/),"=*)(&"
@H" 9" !K" 1aA2" '&/('" %0(&" .%'/31" .368*)(" *$'" +%$+'" 3$'(&" &('3+('" :&(..3&(" )%" -/0("
'/*?/'%+,%6(.)*$("2.93"@K;K\"-2"\KcA"*."*$"%88B=,/)(".%6/';"
2.93;" 1;:;" p" DGZ;H" %T" @(),56" *+()*)(A" @'(+;AP" #R" @FM&A" D\EK2" D[Y!2" D!KK2" !GHD2" !EYE2"
!DYE"+1B!P "p"B!D;!"@c"K;YY2"OTVAP"!I"XVR"@EKK"VI?2"TOT6EA" "E;\!"@J2"J"p"D;Z"
I?2"#IA2"E;G\"@)'2"J"p"!D;G2"E;\"I?2"!IA2"!;[K"@''2"J"p"!D;H2"E;\"I?2"!IA2"!;YZB!;ZY"@12"
DIA2"!;YDB!;YY"@12"!IA2"!;HZB!;Y!"@12"DIA2"!;HKB!;HY"@12"DIA2"!;GHB!;GZ"@12"!IA2"!;E\B
!;GE"@12"DIA2"!;D\B!;EZ"@12"DIA2"!;D!B!;DZ"@12"DIA2"!;!GB!;![@12"DIA2"!;KZB!;!D"@12"
DIA2" K;\YB!;KE" @12" !IA2" K;[YBK;\G" @12" DIA2" K;[D" @.2" EIA2" K;Y\" @.2" EIAP" !ET"XVR" @ZH"
VI?2"TOT6EA" "Y!;\2"H[;\2"HG;H2"HG;G2"G!;K2"GK;H2"E\;E2"E[;[2"EZ;Y2"EZ;!2"EH;G2"ED;Z2"ED;D2"
DZ;Z2"DH;Y2"D!;!2"DK;Y2"!Z;Z2"!D;[;"
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(2R,3S,5S,8R,9S,10S,13S,14S)–10,13–dimethylhexadecahydro–1H–
cyclopenta[a]phenanthrene–2,3–diaminium chloride (2.89) 
"
#$"*"&%3$'"7%))%1"86*.42"aNI"@K;!Y"-2"G;KE"11%6A"=*.".3.:($'('"/$">Id"@D"1aA;">,("
.3.:($./%$" =*." +%%6('" *)" K" %T" 3./$-" *$" /+(e=*)(&" 7*),;" N" .%63)/%$" %8" cisB
'/*?/'%+,%6(.)*$(" 2.93" @K;D!" -2" K;Y!" 11%6A" /$" >Id" @E" 1aA" =*." *''(';" >,(" &(*+)/%$"
1/9)3&("=*."=*&1('")%"&)"*$'"),($",(*)('")%"&(8639"8%&"G",;"#)"=*."),($"+%%6('")%"&)"*$'"
'/63)('"=/),">Id"@H"1aA;">,("'/63)('"&(*+)/%$"1/9)3&("=*."+%%6('"*)"K"%T"3./$-"/+(e=*)(&"
7*)," *$'"=*."J3($+,('"3./$-" ),("d/(.(&"1(),%';[H">,("J3($+,('" &(*+)/%$"1/9)3&("=*."
8/6)(&('"),&%3-,"+(6/)(2"'&/('"%0(&".%'/31".368*)(2"*$'"+%$+'"3$'(&"&('3+('":&(..3&(;">,("
&(./'3("=*."'/..%60('"/$"'/(),56"(),(&^TIT6E"@DK"1a2"!^!A;">,(".%63)/%$"=*.",(*)('"*$'"
8/6)(&('")%"&(1%0("*$5"3$'/..%60('"*1/$(;"N".%63)/%$"%8"IT6"/$"'/(),56"(),(&"@!;KG"11%62"
K;HD"1a2"D;K"V"/$"'/(),56"(),(&A"=*."),($"*''('"'&%:=/.("=,/+,"&(.36)('")%"8%&1*)/%$"%8"
=,/)(" :&(+/:/)*)(;" >,(" :&(+/:/)*)("=*." 8/6)(&('2"=*.,('"=/)," '/(),56" (),(&2" *$'" '&/('" )%"
*88%&'"cisB'/*1/$(".*6)"2.89"@K;!Z"-2"ZZc"%0(&"D".)(:.A;"
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2.89;" 1;:;" p" DY!;G" %T" @'/(),56" (),(&A" @'(+;AP" #R" @FM&A" EGEK2" D\E!2" D[Y!2" !YKD2" !K\G2"
!KEK"+1B!P"!I"XVR"@EKK"VI?2"TOEbOA" "E;[H"@*::"'2"J"p"D;\"I?2"!IA2"E;ZK"@)'2"J"p"
!E;G2"E;Z"I?2"!IA2"!;[ZB!;\\"@12"DIA2"!;ZKB!;[K"@12"EIA2"!;YHB!;Y["@12"DIA2"!;HHB!;YD"
@12"EIA2"!;GKB!;HK"@12"EIA2"!;EKB!;EZ"@12"EIA2"!;!!B!;DZ"@12"GIA2"K;\[B!;K\"@12"DIA2"
K;\H" @.2"EIA2"K;ZG" @.2"EIAP" !ET"XVR"@ZH"VI?2"TOEbOA" "HH;Z2"HG;\2"HK;[2"G\;Z2"GD;!2"
G!;H2"E\;\2"E\;Y2"E[;H2"EZ;Y2"EY;Z2"EE;!2"ED;!2"D[;H2"DY;Y2"DD;D2"D!;H2"![;K2"!D;[;"
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"
(2R,3S,5S,8R,9S,10S,13S,14S)–2–azido–10,13–dimethylhexadecahydro–1H–
cyclopenta[a]phenanthren–3–yl methanesulfonate (2.94) 
"
V(),*$(.368%$56" +,6%&/'(" @K;KG"1a2" K;HE"11%6A" =*." *''('" '&%:=/.(" )%" *" .%63)/%$" %8"
*?/'%*6+%,%6" 2.79" @K;!K" -2" K;E!" 11%6A" '/..%60('" /$" :5&/'/$(" @!;KK" 1aA;" >,(" &(*+)/%$"
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)%"J3($+,"),("&(*+)/%$;">,("J3($+,('"&(*+)/%$"1/9)3&("=*."(9)&*+)('"=/),"OTV"@DK"1aA;"
>,("%&-*$/+" 6*5(&"=*."+%66(+)('2"=*.,('"=/),",5'&%+,6%&/+"*+/'".%63)/%$"@DK"1a2"E"VA"
8%66%=('"75".*);" .%'/31"7/+*&7%$*)(" .%63)/%$" @DK"1aA"*$'"=*)(&" @DK"1aA;">,("%&-*$/+"
6*5(&" =*." '&/('" %0(&" .%'/31" .368*)(" *$'" +%$+'" 3$'(&" &('3+('" :&(..3&(" )%" %7)*/$"
*?/'%1(.56*)("2.94"@K;!D"-2"!KKcA;""
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"p"BE\;E" @c" [;KK2"OTVAP" !I"XVR" @EKK"VI?2"TOT6EA" " G;[H" @7.2" !IA2" E;K\" @.2"
EIA2"E;GE"@'''2"J"p"!D;[2"G;G2"E;K"I?2"!IA2"!;[H"@')2"J"p"!D;H2"E;H"I?2"DIA2"!;YEB!;Z["@12"
EIA2"!;HHB!;YD"@12"GIA2"!;EZB!;HD"@12"EIA2"!;D!B!;EY"@12"EIA2"!;KZB!;!Z"@12"GIA2"K;[HB
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!D;Z;"
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(2R,3R,5S,8R,9S,10S,13S,14S)–2,3–diazido–10,13–dimethylhexadecahydro–1H–
cyclopenta[a]phenanthrene (2.95) 
"
#$"*" &%3$'"7%))%1" 86*.42"1(.56*)("2.94" @K;!G"-2"K;EH"11%6A" *$'" .%'/31"*?/'(" @K;KH"-2"
K;ZK"11%6A"=(&(".3.:($'('"/$"OVLb"@D;HK"1aA;">,(".3.:($./%$"=*.".)/&&('"+%$)/$%3.65"
*$'",(*)('")%"\K"%T;"N8)(&"*::&%9/1*)(65"H",2"),("&(*+)/%$"1/9)3&("=*."+%%6('")%"&)"*$'"
=*." J3($+,('" 75" *''/$-" =*)(&" @H" 1aA;" >,(" J3($+,('" &(*+)/%$" 1/9)3&(" =*." ),($"
(9)&*+)('"=/),"'/(),56"(),(&" @E"9"!K"1aA;">,("%&-*$/+" 6*5(&."=(&("+%66(+)('2"+%17/$('2"
=*.,('"=/),"=*)(&"@H"9"!K"1aA2"'&/('"%0(&"1*-$(./31".368*)("*$'"+%$+'"3$'(&"&('3+('"
:&(..3&(")%"*88%&'"transB!2DB'/*?/'("2.95 @K;!!"-2"\DcA *."*"6/-,)"7&%=$".%6/';"
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OTVAP"!I"XVR"@EKK"VI?2"TOT6EA" "E;EH"@')2"J"p"!!;D2"G;Z"I?2"!IA2"E;D!"@')2"J"p"!!;H2"
H;K"I?2"!IA2"D;KY"@''2"J"p"!D;\2"G;Y"I?2"!IA2"!;Y[B!;ZH"@12"EIA2"!;YKB!;YY"@12"DIA!;G[B
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EIA2" K;ZDBK;ZZ" @12" !IA2" K;Y[" @.2" EIAP" !ET"XVR" @ZH"VI?2"TOT6EA" " YH;D2" YD;D2" HG;H2"
HG;G2"GG;Z2"GE;D2"GK;\2"GK;\2"GK;H2"E[;[2"EZ;K2"EH;G2"ED;D2"DZ;\2"DH;Y2"D!;G2"DK;Y2"!Z;Z2"!E;!;"
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(2R,3R,5S,8R,9S,10S,13S,14S)–10,13–dimethylhexadecahydro–1H–
cyclopenta[a]phenanthrene–2,3–diaminium chloride (2.97) 
"
N" .%63)/%$" %8" transB'/*?/'%+,%6(.)*$(" 2.94" @K;!D" -2" K;EH" 11%6A" /$" >Id" @E" 1aA" =*."
*''('"'&%:=/.(")%"*":&(B+%%6('".3.:($./%$"%8"aNI"@K;K\"-2"D;E!"11%6A"/$">Id"@E"1aA;"
>,("&(*+)/%$"1/9)3&("=*.".)/&&('"+%$)/$3%3.65"*)"K"%T"8%&"!K"1/$"*$'"),($"=*."*66%=('")%"
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%T"3./$-"*$" /+(e=*)(&"7*),"*$'"=*."J3($+,('"3./$-" ),("d/(.(&"1(),%';[H">,("J3($+,('"
&(*+)/%$"1/9)3&("=*."8/6)(&('"),&%3-,"+(6/)(2"'&/('"%0(&".%'/31".368*)(2"*$'"+%$+'"3$'(&"
&('3+('":&(..3&(;">,(" &(./'3("=*." ),($"'/..%60('" /$"'/(),56" (),(&^TIT6E" @DK"1a2"!^!A;"
>,(" .%63)/%$" =*." ,(*)('" )%" 1*4(" .3&(" *66" &(./'3(" =*." '/..%60('" *$'" =*." 8/6)(&('" )%"
&(1%0(" *$5" 3$'/..%60('" .%6/'.;"N" .%63)/%$" %8" ,5'&%-($" +,6%&/'(" /$" '/(),56" (),(&" @K;ZK"
11%62" K;EH" 1a2" D;K" V" /$" '/(),56" (),(&A" =*." ),($" *''('" '&%:=/.(" =,/+," &(.36)('" )%"
8%&1*)/%$" %8"=,/)(" :&(+/:/)*)(;" >,(" :&(+/:/)*)("=*." 8/6)(&('2"=*.,('"=/)," '/(),56" (),(&2"
*$'"'&/('")%"*88%&'"transB'/*1/$(".*6)"2.97"@K;!E"-2"!KKc"%0(&"D".)(:.A;"
2.97;" #R"@FM&A"EGDD2"D\D\2"!YKG2"!HK!2"!KH\2"!KDK"+1B!P"!I"XVR"@EKK"VI?2"ODbA" "
E;HZ"@')2"J"p"!!;D2"G;Y"I?2"!IA2"E;G!"@')2"J"p"!K;\2"H;E"I?2"!IA2"D;!Z"@''2"J"p"!D;Y2"G;E"I?2"
!IA2"!;[!B!;[Y"@12"!IA2"!;HHB!;ZD"@12"YIA2"!;GEB!;H!"@12"DIA2"!;DEB!;E\"@12"ZIA2"!;KYB
!;!["@12"EIA2"K;\EB!;K!"@12"DIA2"K;[["@.2"EIA2"K;Z[BK;[D"@12"!IA2"K;Y["@.2"EIAP"!ET"XVR"
@ZH"VI?2"ODbA" " HG;K2" HE;G2" HD;Y2" HK;K2" GE;Y2" G!;H2" GK;G2" GK;!2" E[;G2" EY;E2" EH;K2" E!;Z2"
E!;Y2"DZ;!2"DH;D2"D!;K2"DK;D2"!Y;\2"!!;\;"
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2.103 2.105
DRV-VII-76b  
 
1–((1R,2R,4aS,8aS)–2–hydroxy–2,5,5,8a–tetramethyldecahydronaphthalen–1–
yl)propan–2–one (2.105) 
 
Lit;"Ref;^" F3+,4%0*2" F;" #;P" T,31*4%02" `;" V;P" L/1%$%02" `;" N;P" M%+(66/2" Q;P"
<*$*.($4%2"N;"N;P"l6*'2"<;"d;"Synthesis"19972"!KGHB!KG[;"
 
#$"*"&%3$'"7%))%1"86*.42".+6*&(%6/'("2.103"@!;KK"-2"E;\\"11%6A"=*."'/..%60('"/$"'/(),56"
(),(&"@EK"1aA;">,(".%63)/%$"=*."+%%6('")%"K"%T;"V(),566/),/31".%63)/%$"/$"'/(),56"(),(&"
@G;E\"11%62"D;ZG"1a2"!;Y"V"/$"'/(),56"(),(&A"=*."*''('"'&%:=/.(;">,("&(*+)/%$"1/9)3&("
=*.".)/&&('"+%$)/$3%3.65"*)"K"%T;"N8)(&"H"1/$2"*".%63)/%$"%8".3683&/+"*+/'"@["1a2"!Kc"*J;A"
=*." *''('" '&%:=/.(" )%" J3($+," ),(" &(*+)/%$;" >,(" %&-*$/+" 6*5(&" =*." +%66(+)('" *$'" ),("
*J3(%3." 6*5(&" =*." (9)&*+)('"=/)," '/(),56" (),(&" @D" 9" !K"1aA;" >,(" %&-*$/+" 6*5(&." =(&("
+%66(+)('2" +%17/$('2" =*.,('" %0(&" .%'/31" ,5'&%9/'(" .%63)/%$" @D" 9" DK" 1a2" !c" *J;A"
!HG"
8%66%=('"75"=*)(&"@D"9"DK"1aA2"'&/('"%0(&"1*-$(./31".368*)(2"*$'"+%$+'"3$'(&"&('3+('"
:&(..3&(;">,(" &(./'3("=*.":3&/8/('"75" 86*.,"+%631$"+,&%1*)%-&*:,5"3./$-"GKc"'/(),56"
(),(&"/$",(9*$("*."(63($)")%"*88%&'"4()%$("2.105"@K;YH"-2"Y!cA"*."+%6%&6(.."%/6;"
2.105;">aT"Rf"p"K;!D"@,(9*$(^'/(),56"(),(&2"E^DAP"#R"@8/61A"EGEE2"D\DG2"!ZKY2"!GY!2"!E[Y2"
!DE\"+1B!P"!I"XVR"@EKK"VI?2"TOT6EA" D;G\ 'J2"J"p"!Z;Y2"H;Z"I?2"DIA2"D;DK"@.2"EIA2"
!;\KB!;\Y"@12"DIA2"!;YHB!;Z!"@12"!IA2"!;HEB!;YK"@12"DIA2"!;GYB!;H!"@12"!IA2"!;GDB!;GG"
@12"!IA2"!;E[B!;E\"@12"!IA2"!;EEB!;EH"@12"!IA2"!;DGB!;D\"@12"!IA2"!;!EB!;D!"@12"!IA2"
!;!!"@.2"EIA2"!;KD"@''2"J"p"!D;D2"D;G"I?2"!IA2"K;\D"@''2"J"p"!E;!2"E;Y"I?2"!IA2"K;[Z"@.2"EIA2"
K;Z\"@.2"YIAP"!ET"XVR"@ZH"VI?2"TOT6EA" D!K;K2"ZD;[2"HH;Z2"HH;Z2"GG;E2"G!;Y2"E\;G2"E\;D2"
E[;!2"EE;D2"EE;K2"EK;!2"DE;K2"D!;D2"DK;G2"![;D2"!H;H;"
"
"
"
((1S,2R,4aS,8aS)–2–hydroxy–2,5,5,8a–tetramethyldecahydronaphthalen–1–
yl)methyl acetate (2.106) 
 
Lit;"Ref;^" l*'*:*66/2" L;P" F*$(2" T;" >;" f#1:&%0('" .5$),(./." %8" !!B*+()%95B[ B
'&/1*$%6g Org;"Prep;"Proced;"Int;"20082"402"DK!BDKG;"
"
N",5'&%-($":(&%9/'(".%63)/%$"@!!;G"11%62"!;!Y"1a2"EKc"*J;A"=*."*''('"'&%:=/.(")%"*"
:&(B+%%6('".%63)/%$"%8"*+()/+"*$,5'&/'("@!H;H"11%62"!;GY"1aA"/$"OTV"@!;[Y"1aA"/$"*$"
/+("7*),;">,(".%63)/%$"=*.".)/&&('"+%$)/$3%3.65"*)"K"%T"3./$-"*$"/+(e=*)(&"7*),;"N8)(&"!",2"
1*6(/+" *$,5'&/'(" 2.128" @K;[Y" -2" [;ZH" 11%6A" =*." *''('" /$" :%&)/%$." *8)(&" =,/+," ),("
.%63)/%$"=*."*66%=('")%".)/&"+%$)/$3%3.65"*)"K"%T"8%&"!","*$'"),($"*66%=('")%"=*&1")%"&);"
>,("&(*+)/%$"1/9)3&("=*.".)/&&('"+%$)/$3%3.65"*)"&)"8%&"!;H","7(8%&("*''/$-"*".%63)/%$"%8"
2.105" @K;D\" -2" !;D!" 11%6A" /$" OTV" @Z;!!" 1aA" '&%:=/.(;" >,(" .%63)/%$" =*." .)/&&('"
+%$)/$3%3.65" 8%&" DE" ,;" >,(" &(*+)/%$"1/9)3&("=*." ),($" '/63)('"=/),"OTV" @DK"1aA" *$'"
=*.,('"=/),"=*)(&"@D"9"!K"1aA2".*);".%'/31"7/+*&7%$*)(".%63)/%$"@D"9"DK"1aA2"*$'".*);"
.%'/31" +,6%&/'(" .%63)/%$" @D" 9" DK" 1aA2" '&/('" %0(&" .%'/31" .368*)(2" *$'" +%$+'" 3$'(&"
!HH"
&('3+('":&(..3&(;">,("&(./'3("=*.":3&/8/('"75"86*.,"+%631$"+,&%1*)%-&*:,5"3./$-"DHc"
(),56"*+()*)("/$",(9*$("*."(63($)")%"*88%&'"2.106"@K;D!"-2"YDcA"*."%88B=,/)(".%6/';"
2.106;" 1;:;" p" ZY;!BZ\;D" %T" @OTVA" @a/);^[[" ZZBZ\" %TAP" >aT" Rf" p" K;DE@,(9*$(^(),56"
*+()*)(2"E^!AP" #R"@8/61A"EG\G2"D\YH2"D[HD2"!ZKY2"!DYE2"!KGZ"+1B!P" !I"XVR"@EKK"VI?2"
TOT6EA" G;DE"@''2"J"p"!!;Y2"G;D"I?2"!IA2"G;!!"@''2"J"p"!D;!2"H;Z"I?2"!IA2"D;E\"@7.2"!IA2"
!;\D"@.2"EIA2"!;ZY"@')2"J"p"!D;H2"E;!"I?2"!IA2"!;GGB!;H["@12"EIA2"!;E!B!;E["@12"EIA2"!;DKB
!;D\" @12"DIA2"!;KZB!;!Y" @12"!IA2"!;KH" @.2"EIA2"K;\!BK;\\" @12"!IA2"K;[!BK;[[" @12"!IA2"
K;ZY"@.2"EIA2"K;ZG"@.2"EIA2"K;Y["@.2"EIAP"!ET"XVR"@ZH"VI?2"TOT6EA" !Z!;H2"ZD;Z2"YD;Z2"
YK;!2"HH;[2"GG;!2"G!;[2"E\;[2"E[;D2"EE;Y2"EE;E2"DG;Z2"D!;Z2"D!;G2"DK;G2"![;H2"!H;\;"
"
"
"
(1S,2R,4aS,8aS)–1–(hydroxymethyl)–2,5,5,8a–tetramethyldecahydronaphthalen–2–
ol (2.107) 
 
Lit;"Ref;^" F3+,4%0*2" F;" #;P" T,31*4%02" `;" V;P" L/1%$%02" `;" N;P" M%+(66/2" Q;P"
<*$*.($4%2"N;"N;P"l6*'2"<;"d;"Synthesis"19972"!KGHB!KG[; 
 
#$" *" &%3$'" 7%))%1" 86*.42" *+()*)(" 2.106" @K;[Y" -2" E;KH"11%6A2" *$'" :%)*../31" ,5'&%9/'("
@!;Y\"-2"EK;D"11%6A"=(&("'/..%60('" /$"1(),*$%6" @!Y;\G"1aA;">,("&(*+)/%$"1/9)3&("=*."
.)/&&('"+%$)/$3%3.65"*)"&);"N8)(&"!",2"=*)(&"@DK"1aA"=*."*''('"*$'"),("J3($+,('"&(*+)/%$"
1/9)3&("=*."(9)&*+)('"=/),"'/(),56"(),(&"@E"9"DK"1aA;">,("%&-*$/+"6*5(&."=(&("+%66(+)('2"
+%17/$('2"=*.,('"=/)," .*);" .%'/31" +,6%&/'(" .%63)/%$" @E" 9" DK"1aA2" '&/('" %0(&" .%'/31"
.368*)(2" *$'" +%$+'" 3$'(&" &('3+('" :&(..3&(" )%" *88%&'" '/%6"2.107" @K;YZ" -2" \DcA" *."=,/)("
.%6/';"
2.107;" 1;:;" p" !DD;ZB!DE;H" %T" @'/(),56" (),(&A" @a/)^[[" !!\B!DK%TAP" >aT" Rf" p" K;EK"
@,(9*$(^(),56"*+()*)(2"E^DAP"#R"@8/61A"EEDY2"EKKE2"D\DG2"D[YG2"!GHY2"!KD!"+1B!P"!I"XVR"
@EKK"VI?2"TOT6EA" G;D!"@7.2"DIA2"E;[Z"@'2"J"p"[;K"I?2"DIA2"!;[E"@')2"J p"!D;E2"D;\"I?2"
!IA2"!;HYB!;Z!"@12"DIA2"!;G[B!;HE"@12"EIA2"!;EDB!;GH"@12"DIA2"!;D\"@.2"EIA2"!;DDB!;DE"
@12"!IA2"!;K!B!;!G" @12"DIA2"K;\E" @'2"J"p"!!;\"I?2"!IA2"K;[G" @.2"EIA2"K;ZH" @.2"EIAP" !ET"
!HY"
XVR"@ZH"VI?2"TOT6EA" ZH;K2"Y!;K2"YK;E2"HY;!2"GG;D2"G!;\2"GK;D2"EZ;Y2"EE;Z2"EE;G2"DG;G2"
D!;[2"DK;E2"![;[2"!Y;D;"
"
"
((1S,2R,4aS,8aS)–2–hydroxy–2,5,5,8a–tetramethyldecahydronaphthalen–1–
yl)methyl methanesulfonate (2.101) 
 
Lit;"Ref;^" V*+4($?/(2"a;P"V*+&3&52">;P"I*&=/-2"T;P"F,6(7$/4%02"l;P"L,*$2"R;P"<6*+(2"
L;P"M/&'2"<;P"<())/-&(=2"t;P"M,*))/2"X;"N;"<T>"#$);"N::6;"]b"DK!!KY\!!["
N!2"t3$"\2"DK!!; 
"
#$"*"&%3$'"7%))%1"86*.42"*6+%,%6"2.107"@K;!G"-2"K;H["11%6A"=*."'/..%60('"/$"OVd"@!;!["
1aA;">&/(),56*1/$("@K;D!"1a2"!;H!"11%6A"=*."*''('"'&%:=/.("*$'"),("&(*+)/%$"1/9)3&("
=*." .)/&&('" +%$)/$3%3.65" *$'" +%%6('" )%" K" %T" 3./$-" /+(e=*)(&" 7*),;" V(),*$(.368%$56"
+,6%&/'("@K;KH"1a2"K;ZK"11%6A"=*."*''('"'&%:=/.(" )%" ),("+%%6('"&(*+)/%$"1/9)3&("*$'"
),(".%63)/%$"=*.".)/&&('"+%$)/$3%3.65"*."/)"=*&1('"3:")%"&);"N8)(&"*::&%9/1*)(65"E",2"),("
&(*+)/%$" 1/9)3&(" =*." '/63)('" =/)," '/(),56" (),(&" @DK" 1aA" *$'" =*." =*.,('" %0(&"
,5'&%+,6%&/+"*+/'".%63)/%$"@D"9"DK"1a2"E"V"/$"=*)(&A"8%66%=('"75".*);".%'/31"7/+*&7%$*)("
@D"9"DK"1aA"*$'"7&/$(".%63)/%$" @D"9"DK"1aA2"'&/('"%0(&"1*-$(./31".368*)(2" *$'"+%$+'"
3$'(&"&('3+('":&(..3&(")%"*88%&'"1(.56*)("2.101 @K;!Y"-2"[\cA"*."*"6/-,)"5(66%="%/6;"
2.101;"#R"@8/61A"EHDZ2"D\DZ2"D[Y!2"!E[[2"!!!ZE2"\GE"+1B!P"!I"XVR"@EKK"VI?2"TOT6EA"
G;HY"@''2"J"p"!K;H2"D;Z"I?2"!IA2"G;E!"@''2"J"p"!K;H2"H;Z"I?2"!IA2"E;K!"@.2"EIA2"!;[HB!;\D"
@12"DIA2"!;YHB!;ZE"@12"DIA2"!;HZB!;YD"@12"!IA2"!;GYB!;HE"@12"DIA2"!;EDB!;GD"@12"DIA2"
!;!YB!;D\"@12"DIA2"!;!G"@.2"EIA2"!;K["@''2"J"p"!D;Y2"G;K"I?2"!IA2"K;\H"@''2"J"p"!D;K2"D;D"
I?2" !IA2" K;[Z" @.2" EIA2" K;[Y" @.2" EIA2" K;Z\" @.2" EIAP" !ET"XVR" @ZH"VI?2"TOT6EA" ZD;Y2"
Y[;D2"YK;[2"HH;Z2"GG;H2"G!;[2"E\;Z2"E[;E2"EZ;G2"EE;H2"EE;E2"DG;Y2"D!;Y2"DK;H2"![;G2"!Y;!;"
"
!HZ"
OCH3
H3CO O
S
N
OCH3
H3CO OH
, NaH, DMF
0 oC to 70 oC, 1 h
66%
2.104 2.109
DRV-VII-108
Cl N
S
2.129
"
"
O–3,5–dimethoxyphenyl dimethylcarbamothioate (2.109) 
 
Lit;"Ref;^" ]%68(&.2"I;P"F&**)?2"S;P"F%&)(2"d;"Synthesis2"19752"GEBGG;"
"
X*I"@K;Z["-2"!\;G"11%62"YKc"/$"1/$(&*6"%/6A"=*."*''('"/$".(0(&*6":%&)/%$.")%"*".%63)/%$"
%8"E2HB'/1(),%95:,($%6"2.104"/$"OVd"@Y;HK"1aA;">,("&(*+)/%$"1/9)3&("=*."+%%6('")%"K"
%T"3./$-"/+(e=*)(&"7*),"7(8%&("*''/$-"*".%63)/%$"%8"N2NB'/1(),56),/%+*&7%156"+,6%&/'("
2.129"@D;DK"-2"!Z;["11%6A"/$"OVd"@E;DZ"1aA;">,(".%63)/%$"=*.".)/&&('"+%$)/$3%3.65"*."/)"
=*&1('"3:")%"&)"8%66%=('"75",(*)/$-"*)"ZK"%T"8%&"!",;">,("&(*+)/%$"1/9)3&("=*."+%%6('")%"
&)"*$'"=*.":%3&('"/$)%":%)*../31",5'&%9/'(".%63)/%$"@!Y"1a2"Hc"/$"=*)(&A;">,("&(.36)/$-"
:&(+/:/)*)(" =*." 8/6)(&('2" =*.,('" =/)," =*)(&2" '&/('2" *$'" '/..%60('" /$" '/(),56" (),(&;" >,("
.%63)/%$"=*."=*.,('"%0(&"=*)(&"@E"9"DK"1aA2"'&/('"%0(&"1*-$(./31".368*)(2"*$'"+%$+'"
3$'(&"&('3+('":&(..3&(;"<3&/8/+*)/%$"%8"),("&(./'3("=/),"./6/+*"-(6"+,&%1*)%-&*:,5"3./$-"
DKc"(),56"*+()*)("/$",(9*$("*88%&'('"2.109"@D;H\"-2"YYcA"*."*$"%88B=,/)(e=,/)(".%6/';"
2.109;" 1;:;" p" ZY;ZBZ\;K" %T" @OTVA" @a/)^[\" ZYBZZ%TAP" >aT" Rf" p" K;GD" @,(9*$(^(),56"
*+()*)(2"G^!AP" #R"@FM&A"EKKG2"D\GY2"!Y!E2"!![H2"!EKG2"!KGY"+1B!P" !I"XVR"@EKK"VI?2"
TOT6EA" "Y;EH"@)2"J"p"D;D"I?2"!IA2"Y;DG"@'2"J"pD;E"I?2"DIA2"E;ZY"@.2"YIA2"E;GG"@.2"EIA2"
E;E!"@.2"EIAP"!ET"XVR"@ZH"VI?2"TOT6EA" ![Z;H2"!Y!;K2"!HH;Y2"!K!;Y2"\[;H2"HH;Y2"GE;G2"
E[;\;"
"
"
"
"
"
"
"
"
"
!H["
"
"
S–3,5–dimethoxyphenyl dimethylcarbamothioate (2.109) 
"
Lit;"Ref;^" V*+4($?/(2"a;P"V*+&3&52">;P"I*&=/-2"T;P"F,6(7$/4%02"l;P"L,*$2"R;P"<6*+(2"
L;P"M/&'2"<;P"<())/-&(=2"t;P"M,*))/2"X;"N;"<T>"#$);"N::6;"]b"DK!!KY\!!["
N!2"t3$"\2"DK!!; 
"
OBT*&7*1*)("2.109"@K;YD"-2"D;HY"11%6A"=*.":6*+('"/$"*"&%3$'"7%))%1"86*.4;">,("86*.4"
=*."),($":3&-('"=/),"*&-%$"*$'",(*)('")%"~"EKK"%T"$(*);"N8)(&"G",2"),("&(.36)/$-"1%6)($"
:&%'3+)"=*."+%%6('")%"&)"*$'":3&/8/('"3./$-"86*.,"+%631$"+,&%1*)%-&*:,5"=/),"DKc"(),56"
*+()*)("/$",(9*$("*."(63($)")%"*88%&'"2.110"@K;GY"-2"ZGcA"*."6/-,)"5(66%="%/6;"
2.110;">aT"Rf"p"K;D\"@,(9*$(^(),56"*+()*)(2"G^!AP"#R"@8/61A"D\EZ2"D[EH2"!YY[2"!H\D2"!DKG2"
!!HH"+1B!P"!I"XVR"@EKK"VI?2"TOT6EA" "Y;YG"@'2"J"p"D;E"I?2"DIA2"Y;GH"@)2"J"pD;E"I?2"
!IA2" E;ZG" @.2" YIA2" E;KK" @7.2" YIAP" !ET" XVR" @ZH"VI?2" TOT6EA" !YY;Y2" !YK;H2" !EK;K2"
!!E;G2"!KD;K2"HH;G2"EY;[;"
"
"
"
3,5–dimethoxybenzenethiol (2.102) 
 
Lit;"Ref;^" V*+4($?/(2"a;P"V*+&3&52">;P"I*&=/-2"T;P"F,6(7$/4%02"l;P"L,*$2"R;P"<6*+(2"
L;P"M/&'2"<;P"<())/-&(=2"t;P"M,*))/2"X;"N;"<T>"#$);"N::6;"]b"DK!!KY\!!["
N!2"t3$"\2"DK!!; 
 
#$" *" &%3$'" 7%))%1" 86*.42" SB+*&7*1%),/%*)(" 2.110" @K;GY" -2" !;\!" 11%6A" *$'" :%)*../31"
,5'&%9/'(" @K;YE" -2" !!;D"11%6A" =(&(" '/..%60('" /$"1(),*$%6" @D!;!E"1aA;" >,(" &(.36)/$-"
6/-,)"5(66%=".%63)/%$"=*.".)/&&('"+%$)/$3%3.65"*$'",(*)('")%"&(8639;"N8)(&"E",2"),("&(*+)/%$"
1/9)3&("=*."+%%6('")%"&)"*$'"+%$+'"3$'(&"&('3+('":&(..3&(;">,("&(./'3("=*."'/..%60('"/$"
(),56"*+()*)("@DK"1aA2"=*.,('"=/),",5'&%+,6%&/+"*+/'".%63)/%$"@D"9"!K"1a2"E"V"/$"=*)(&A2"
'&/('"%0(&".%'/31".368*)(2"*$'"+%$+'"3$'(&"&('3+('":&(..3&(;">,(" &(./'3("=*.":3&/8/('"
!H\"
),&%3-," 86*.," +%631$" +,&%1*)%-&*:,5" 3./$-" !Kc" (),56" *+()*)(" /$" ,(9*$(" *." (63($)" )%"
*88%&'"7($?($(),/%6"2.102"@K;!\"-2"H[cA"*."+%6%&6(.."%/6;"
2.102;">aT"Rf"p"K;HZ"@,(9*$(^(),56"*+()*)(2"G^!AP"#R"@8/61A"EKK!2"D\E[2"DHYG2"!H[Z2"!D\\2"
!!HY"+1B!P"!I"XVR"@EKK"VI?2"TOT6EA" Y;GD"@'2"J"pD;E"I?2"DIA2"Y;DY"@)2"J"p"D;D"I?2"
!IA2"E;ZG"@.2"YIA2"E;H!"@7.2"!IAP"!ET"XVR"@ZH"VI?2"TOT6EA" !YK;\2"!ED;Z2"!KZ;!2"\[;!2"
HH;D;"
"
"
"
(1R,2R,4aS,8aS)–1–((3,5–dimethoxyphenylthio)methyl)–2,5,5,8a–
tetramethyldecahydronaphthalen–2–ol (2.100) 
 
Lit;"Ref;^" V*+4($?/(2"a;P"V*+&3&52">;P"I*&=/-2"T;P"F,6(7$/4%02"l;P"L,*$2"R;P"<6*+(2"
L;P"M/&'2"<;P"<())/-&(=2"t;P"M,*))/2"X;"N;"<T>"#$);"N::6;"]b"DK!!KY\!!["
N!2"t3$"\2"DK!!; 
 
#$"*"&%3$'"7%))%1"86*.42"1(.56*)("2.101"@K;YD"-2"!;\H"11%6A2"7($?($(),/%6"2.102"@K;EE"-2"
!;\H"11%6A2" *$'" +(./31"+*&7%$*)(" @!;\K" -2" H;[E"11%6A"=(&(" .3.:($'('" /$" *+()%$/)&/6("
@DZ;[Y"1aA;">,(" &(*+)/%$"1/9)3&("=*." '(-*..('"=/)," *&-%$" 8%&" *7%3)" !K"1/$" *$'"=*."
.)/&&('" +%$)/$3%3.65" *)" &);"N8)(&" *::&%9/1*)(65" !" ,2" ),(" &(*+)/%$"1/9)3&("=*." ,(*)('" *)"
&(8639"8%&"*7%3)"DG",;">,("&(*+)/%$"1/9)3&("=*."+%%6('")%"&)"*$'"=*."+%$+'"3$'(&"&('3+('"
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(4aS,4bR,10bR,12aS)–8,10–dimethoxy–1,1,4a,10b–tetramethyl–
2,3,4,4a,4b,5,10b,11,12,12a–decahydro–1H–naphtho[1,2–c]thiochromene (2.111) 
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!EG;D2"!DZ;Y2"!KD;K2"\Z;!2"H[;Z2"HY;!2"HH;G2"HH;D2"G!;\2"GK;D2"E\;H2"E\;K2"E[;G2"EE;G2"D!;Y2"
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"
"
(4aR,4bR,10bR,12aS)–8,10–dimethoxy–1,1,4a,10b,12a–pentamethyl–
2,3,4,4a,4b,5,10b,11,12,12a–decahydro–1H–naphtho[1,2–c]thiochromene 6,6–
dioxide (2.98) 
"
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N!2"t3$"\2"DK!!;"
"
>,/%+,&%1*$" 2.111" @K;!\" -2" K;H!" 11%6A" =*." '/..%60('" /$" OTV" @!K;D" 1aA;" mB
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D!;D2"![;Z2"![;Y2"![;G2"!Z;E;"
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W&$(392" T;P" <&(.)=/+,2" Q;" O;" fHBL)*7/6/?('" <,%.:,*)/'56/$%./)%6" E2G2HB
>&/.:,%.:,*)("N$*6%-3(."M/$'"Q&:!"<I2"#$,/7/)"<,%.:,%/$%./)/'("<,%.:,*)*.(.2"
*$'"M6%+4"X(3)&%:,/6"V/-&*)/%$g"Chembiochem"20102"112"E[[BE\H;"
"
DY;A d3,6(&2" Q;" V;P" M&%%4.2" R;P" >%1.2" M;P" #5(&2" L;P" Q($-%2" W;" N;P" <*&42" V;P"
Q3176()%$2" V;P" l/(&$(.2" O;" R;P" T,/.,%612" t;" O;P" F(&&2" ];" Q;" f>,(&*:(3)/+"
:%)($)/*6" %8" LID" '%1*/$B+%$)*/$/$-" /$%./)%6BHxB:,%.:,*)*.(" !" @LI#<!A" *$'"
LI#<D"/$,/7/)/%$"/$"+*$+(&g"Mol;"Med;"20122"182"YHBZH;"
"
DZ;A M&%%4.2"R;P"d3,6(&2"Q;"V;P"#5(&2"L;P"L1/),2"V;"t;P"<*&4"V;"`;P"<*&*/.%2"F;"I;">;P"
W$-(61*$2" R;" ]P" F(&&2" ];" Q;" fLI#<!" /$,/7/)/%$" /$+&(*.(." /113$%&(-36*)%&5"
+*:*+/)5"*$'")&/--(&."*:%:)%./."%8",(1*)%:%/()/+"+*$+(&"+(66.g"J;"Immunol;"20102"
1842"EH[DBEH[\;"
"
D[;A `3*$2">;"a;P"T*$)6(52"a;"T;"f<#EF":*),=*5"*6)(&*)/%$."/$"+*$+(&^"0*&/*)/%$."%$"*"
),(1(g"Oncogene"20082"412"HG\ZBHH!K;"
"
D\;A i,*$-2"t;P"Q&/$'6(52"t;"T;P"`/$2">;P"t*5*./$-,(2"L;P"I(2"_;"T;P"R%..2"t;">;P"I*3-2"t;"
L;P"R3::2"O;P"<%&)(&B](.):8*,62"F;"L;P"]/('(1*$$2"a;"V;P"]32"I;P"a/2"a;"f<>WX"
1*/$)*/$." ,(1*)%:%/()/+" .)(1" +(66." *$'" *+)." /$" 6/$(*-(" +,%/+(" *$'" 6(34(1/*"
:&(0($)/%$g"Nature"20062"4412"H![BHDD;"
"
EK;A `/61*?2"b;"I;P"l*6'(?2"R;P">,(/.($2"M;"F;P"Q3%2"];P"d(&-3.%$2"O;"b;P"]32"I;P"
V%&&/.%$2" L;" t;" f<)($" '(:($'($+(" '/.)/$-3/.,(." ,*(1*)%:%/()/+" .)(1" +(66." 8&%1"
6(34(1/*B/$/)/*)/$-"+(66.g"Nature"20062"4412"GZHBG[D;"
"
E!;A T%66*?%2"V;"V;P"]%%'2"O;P"<*&*/.%2"F;"I;">;P"a3$'2"W;P"W$-(61*$2"R;"];P"a(2"T;B
>;P"L)*3+,2"O;P"F%).+,2"F;P"F(&&2"];"Q;"sLI#<"6/1/)."/113$%&(-36*)%&5"+*:*+/)5"
/$"),(">B+(66"+%1:*&)1($)s"Blood"20092"1132"D\EGBD\GG;"
"
"
"
!YH"
ED;A I(6-*.%$2"T;"O;P"O*1($2"t;"W;P"R%.)($2"<;P"Q&(=*62"R;P"L%&($.($2"<;P"T,*::(62"L;"
V;P"M%&%=.4/2"N;P"t/&/42"d;P"F&5.)*62"Q;P"I31:,&/(.2"R;"F;"s>*&-()('"'/.&3:)/%$"%8"
LI#<" 6(*'." )%" ,(1%:%/()/+" :(&)3&7*)/%$.2" 63$-" :*),%6%-52" *$'" *" .,%&)($('" 6/8("
.:*$s"Genes Dev."19982"122"!Y!KB!YDK;"
"
EE;A V*+O%$*6'2"F;" <;"N;P"R%=(2"l;P"T6%3.)%$2"N;"O;P"](6:652" t;"F;P"F3$.2"R;"O;P"
d(&&*&*2" t;" a;" V;P" >,%1*.2" R;P" I/662" Q;" R;" sT5)%4/$(" W9:*$'('" V5(6%/'"
<&(+3&.%&." d3$+)/%$" *." R(-36*)%&5" N$)/-($B<&(.($)/$-" T(66." *$'" <&%1%)("
>%6(&*$+("),&%3-,"#aB!KB<&%'3+/$-"R(-36*)%&5">"T(66.s"J. Immunol."20052"1742"
![G!B![HK;"
"
EG;A a*62"M*$./P"<&*1*$/42"M/&($'&*"X;P"V*$,*.2"V;"L;P"M%.(2"NC*5"F;"fL)(&%/'.;"<*&)"
_#;"O/:,($56:,%.:,%&56"*?/'(;"N"$%0(6"&(*-($)"8%&"),(".)(&(%.:(+/8/+".5$),(./."%8"
*?/'(."8&%1"*6+%,%6.g"Tetrahedron Lett;"19772"232"!\ZZB"!\[K; 
 
EH;A L3-*$',/2" W;"];P" L6(7%'$/+42" T;P" d*64/$,*12" t;"b;P"Q*$'%3&2" R;"O;" fL5$),(./."
*$'" *$)/1/+&%7/*6" (0*63*)/%$" %8"=*)(&B.%6376(2" '($'&/)/+" '(&/0*)/0(." %8" (:/1(&/+"
H*6:,*B+,%6(.)*$BEB*1/$(." *$'" H*6:,*B+,%6(.)*$BEB56" *1/$%(),*$%*)(.g"
Steroids"20072"722"Y!HBYDY;"
"
EY;A T,/.,%612"t;O;2"L5$),(./.2"L)&3+)3&*6"R(0/./%$"*$'"T%$8%&1*)/%$*6"<&%:(&)/(."%8"
),("N>DGEE"#$'%6%+*&7*?%6("Q65+%./'(.2"DKKK2"<,;O;"O/..(&)*)/%$2"S$/0(&./)5"%8"
T*6/8%&$/*2"#&0/$(2"TN;"
"
EZ;A a%/7$(&2"I;P"i7/&*62"W; fR(*+)/%$."=/),"%&-*$%:,%.:,%&3."+%1:%3$'.;"_a#;"X(="
.5$),()/+" *.:(+)." %8" ),(" )&/:,($56:,%.:,/$(B'/(),56" *?%'/+*&7%956*)(B,5'&%95"
+%1:%3$'".5.)(1g"Helv;"Chim;"Acta"19762"592"D!KKBDK!E;""
"
E[;A N&$u/?2"d;"t;"fN"T%$0($/($)"]*5")%"Q($(&*)("I5'&%-($"T,6%&/'("/$"),("d&(.,1*$"
a*7g"J;"Chem; Educ;2"19952"722"!!E\;"
"
E\;A V*(,*1*2" >;P" >*56%&2"Q;" L;P" L6*1*2" t;" >;P"O/9%$2" t;" W;" fN"L($./)/0("N..*5" 8%&"
<,%.:,%/$%./)/'("<,%.:,*)*.(.g"Anal;"Biochem;"20002"2792"DG[BDHK;"
"
GK;A T,%2"I;P"R*1(&2"L;"W;P"#)%,2"V;P"]/$46(&2"O;"Q;P"F/)*.2"W;P"M*$$=*&),2"];P"M3&$2"
<;P"L*/)%2"I;P"]*6.,2"T;">;"f<3&/8/+*)/%$"*$'"+,*&*+)(&/?*)/%$"%8"*".%6376("+*)*65)/+"
8&*-1($)" %8" ),(" ,31*$" )&*$.1(17&*$(" 6(34%+5)(" *$)/-($" &(6*)('" @aNRA":&%)(/$"
)5&%./$(":,%.:,*)*.("8&%1"*$"W;"+%6/"(9:&(../%$".5.)(1g"Biochemistry"19912"302"
YD!KBYD!Y;""
"
G!;A I*&'(&2"F;"];P"b=($2"<;P"]%$-2"a;"F;"I;P"N(7(&.%6'2"R;P"T6*&4Ba(=/.2"#;P"t/&/42"
d;"R;"fT,*&*+)(&/?*)/%$"*$'"4/$()/+"*$*65./."%8"),("/$)&*+(6636*&"'%1*/$"%8",31*$"
:&%)(/$" )5&%./$(" :,%.:,*)*.(" " @I<>< A" 3./$-" .5$),()/+" :,%.:,%:(:)/'(.g"
Biochem;"J;"19942"2982"E\HBGK!;""
"
!YY"
GD;A V*&)/$2"M;P"<*66($2"T;"t;P"]*$-2"t;"I;P"Q&*0(.2"O;"t;"fS.("%8"863%&/$*)('")5&%./$("
:,%.:,*)(." )%" :&%7(" ),(" .37.)&*)(" .:(+/8/+/)5" %8" ),(" 6%=" 1%6(+36*&" =(/-,)"
:,%.:,*)*.("*+)/0/)5"%8"+*6+/$(3&/$g"J;"Biol;"Chem;"19852"2602"!G\EDB!G\EZ;"
"
GE;A OxN$-(6%2" W;P" T&3)+,8/(6'2" t;P" l*$'/0/(&(2" V;" fR*:/'2" .($./)/0(2" 1/+&%.+*6("
'()(&1/$*)/%$"%8":,%.:,*)("/$"=*)(&"*$'".%/6g"J;"Environ;"Qual;"20012"302"DDKYB
DDK\;"
"
GG;A bx>%%6(2"V;P"a*32"F;">;P"L,(:,(&'2"R;P"L6*)(&2"T;P"O/*1%$'2"O;"fO()(&1/$*)/%$"%8"
:,%.:,*)(" 3./$-" *" ,/-,65" .($./)/0(" :*/&('" (1/))(&" B" '()(+)%&" '/%'(" :,%)%1()&/+"
86%="'()(+)%&g"Anal;"Chim;"Acta"20072"5972"D\KBD\G;"
"
GH;A T%-*$2"W;"M;P"M/&&(662"Q;"M;P"Q&/88/),2"b;"I;"fN"R%7%)/+.BM*.('"N3)%1*)('"N..*5"
8%&"#$%&-*$/+"*$'"b&-*$/+"<,%.:,*)(.g"Anal;"Biochem;"!\\\2"DZ!2"D\BEH;"
"
GY;A M&%%4.2"R;P"F(&&2"];"Q;"3$:376/.,('"&(.36).;"
"
GZ;A T,*$-2" I;P" k/2" _;" `;P" T6*3'/%2" t;P" i,3*$-2" a;P" <*))(&.%$2" M;P" L)(=*&)2" N;" F;"
fN$*65./."%8"<>WX"'(6()/%$."*$'"13)*)/%$."/$"136)/:6("15(6%1*g"Leukemia Res;"
20062"302"DYDBDYH;"
"
G[;A T,%/2"`;P"i,*$-2"t;P"V3&-*2"T;P"`32"I;P"F%66(&2"W;P"V%$/*2"M;"<;P"Q3)4/$'2"t;"L;P"
a/2"];"f<>WX2"73)"$%)"LI#<"*$'"LI#<D2".3::&(..(." ),("<#EFeN4)":*),=*5"*$'"
/$'3+(."-&%=),"/$,/7/)/%$"*$'"*:%:)%./."%8"15(6%1*"+(66.g"Oncogene2"20022"212"
HD[\BHEKK;"
"
G\;A i,*$-2"t;P"T,%/2"`;P"V*0&%1*)/.2"M;P"a/+,)($.)(/$2"N;P"a/2"];"f<&(8(&($)/*6"4/66/$-"
%8" <>WXB$366" 15(6%1*." 75" <#EF" /$,/7/)%&." ),&%3-," N4)" :*),=*5g"Oncogene2"
20032"222"YD[\BYD\H;"
"
HK;A <*&42"V;"`;P"F(&&2"];"Q;"3$:376/.,('"&(.36).;"
"
H!;A I(6-*.%$2"T;"O;P"O*1($2"t;"W;P"R%.)($2"<;P"Q&(=*62"R;P"L%&($.($2"<;P"T,*::(62"L;"
V;P"M%&%=.4/2"N;P"t/&/42"d;P"F&5.)*62"Q;P"I31:,&/(.2";"F;"f>*&-()('"'/.&3:)/%$"%8"
SHIP" 6(*'." )%" ,(1%:%/()/+" :(&)3&7*)/%$.2" 63$-" :*),%6%-52" *$'" *" .,%&)($('"
6/8( .:*$g"Gene Dev;"19982"122"!Y!KB!YDK;"
"
HD;A F(&&2"];"Q;P"<*&42"V;P"V*37(&)2"V;P"W$-(61*$2"R;"];"fLI#<"'(8/+/($+5"+*3.(."
T&%,$x."'/.(*.(B6/4("/6(/)/.g"Gut2"20112"602"!ZZB![[;"
"
HE;A <*&*/.%2" F;" I;" >;P" Q,*$.*,2" >;P" T%.)(66%2" N;P" W$-(61*$2" R;" ];P" F(&&2" ];" Q;"
f#$'3+('" LI#<" O(8/+/($+5" W9:*$'." V5(6%/'" R(-36*)%&5" T(66." *$'" N7&%-*)(."
Q&*8)B0(&.3.BI%.)"O/.(*.(g"J;"Immunol;"20072"1782"D[\EBD\KK;"
"
"
!YZ"
HG;A M/.%-$%2"d;"R;P"b&'($2"N;"N;P"<&*$?%$/2"T;"N;P"T/83($)(2"O;"N;P"Q/%&'*$%2"b;"L;P"
L*$?2" V;" F;" fN)5:/+*6" &(-/%.(6(+)/0(" 7/%,5'&%65./." %$" .)(&%/'*6" %9/&*$(." 75"
N.:(&-/663."$/-(&"=,%6("+(66.^"L%1(".)(&(%+,(1/+*6"8(*)3&(.g"Steroids"20072"722"
YGEBYHD;"
"
HH;A a/:/$.4/2"T;N;P"a%17*&'%2"d;P"O%1/$52"M;"];P"d(($(52"<;" t;" fW9:(&/1($)*6"*$'"
+%1:3)*)/%$*6" *::&%*+,(." )%" (.)/1*)(" .%637/6/)5" *$'" :(&1(*7/6/)5" /$" '&3-"
'/.+%0(&5"*$'"'(0(6%:1($)".())/$-.g"Adv;"Drug"Delivery"Rev;"19972"232"EBDH;"
"
HY;A L+,$(/'(&2"I;"t;P"M3+,,(/)2"S;P"M(+4(&2"X;P"L+,1/')2"Q;P"L/(,62"S;"f<&%)%$"XVR"
*$*65.(.2" .,/(6'/$-" 1(+,*$/.1.2" +%3:6/$-" +%$.)*$).2" *$'" +%$8%&1*)/%$." /$"
.)(&%/'." 7(*&/$-" ,*6%-($2" ,5'&%952" *$'" %9%" -&%3:." *$'" '%376(" 7%$'.g"J;" Am;"
Chem;"Soc;"19852"1072"ZKDZBZKE\;"
"
HZ;A a*&'(66/2"Q;P" t(-(&2"b;" f>,(" &('3+)/%$"%8" 2 " B3$.*)3&*)('" +*&7%$56" +%1:%3$'."
75"),("]%688BF/.,$(&"&(*+)/%$;"#g"Helv;"Chim;"Acta"19492"322"![!ZB![EH;"
"
H[;A M&*3$2" R;" N;P" V%.,(&2" ];" N;" f]%688BF/.,$(&" &('3+)/%$" %8" DB*+56B!2EB
/$'*$'/%$(.g"J;"Am;"Chem;"Soc;"19582"802"G\!\BG\D!;"
"
H\;A d/.+,(&2"I;P"M(5(&2"I;P"i*3+4(&2"W;"fR/$-".5$),(./."%8"EB1(),56BGB*+()56:5&&%6(B
HB+*&7%956/+"*+/'g"Liebigs"Ann;"Chem;"19312"4862"HHBZK;"
"
YK;A a(%$*&'2" X;" t;P" L($)?2" R;" T;" fR(*&&*$-(1($)" %8" B*1/$%" 4()%$(." '3&/$-"
T6(11($.($"&('3+)/%$;"l###g"J;"Am;"Chem;"Soc;"19522"742"!ZKGB!ZK\;"
"
Y!;A R3?/+4*2" a;P" <6*))$(&2" <6;" N;P" d3&&(&2" V;" fL)(&%/'." *$'" .(9" ,%&1%$(.;" _Tl#;"
>&*$.8%&1*)/%$":&%'3+)."%8"DB*+()%95BEB+,%6(.)*$%$(g"Helv;"Chim;"Acta"19442"
272"ZDZBZEZ;"
"
YD;A R*:%:%&)2"I;P"X/6..%$2"];"f>,("]%688BF/.,$(&"&(*+)/%$"=/)," B%9/1/$%"4()%$(.g"
J;"Am;"Chem;"Soc;"19612"832"GDYDBGDYZ;"
"
YE;A M&%%4.2"R;P"F(&&2"];"Q;"3$:376/.,('"&(.36).;"
"
YG;A M*6+,2"N;"X;P"d(&$*$'(.2"L;P"F(&&2"];"Q;"3$:376/.,('"&(.36).;"
"
YH;A l/$%'2" O;P" L)%),(&.2" t;" M;P" ]*&$,%882" W;" ];" fT*&7%$B!E" $3+6(*&" 1*-$()/+"
&(.%$*$+(" .)3'/(.;" <*&)" \D;" R(.%63)/%$" %8" +%$86/+)/$-" 1/-&*)%&5" &(:%&)." /$" &/$-"
(9:*$./%$" %8" EB4()%" .)(&%/'." )%" %95-($" *$'" $/)&%-($g" Can;" J;" Chem;"
19802"582"DYYY"B"DYZ[;"
"
YY;A OC(&*../2" T;P" L+,%6?2" T;" R;" fM&%1/$*)/%$." =/)," :5&/'/$(" ,5'&%7&%1/'("
:(&7&%1/'(2"THIHX;IM&;M&Dg"J;"Am;"Chem;"Soc;"19482"702"G!ZBG![;"
"
!Y["
YZ;A L*63$4(2"O;"M;P"I*?&*2"M;"Q;P"Q%$$*'(2"R;"Q;P"M,*'7,*'(2"V;"V;P" <%&(2"l;" L;"
fN$"(88/+/($)"1(),%'"8%&" ),(".5$),(./."%8"1(),56"!! B*1/$%BE 2Z B'/*+()%95B
!DB%9%BH B+,%6*$BDGB%*)(” Tetrahedron"20052"612"EYKHBEY!D;"
"
Y[;A I(*),+%+42" T;" I;P" L1/),2" L;" T;" fL5$),(./." *$'" M/%6%-/+*6" N+)/0/)5" b8"
S$.511()&/+*6"M/.BL)(&%/'*6"<5&*?/$(."R(6*)('")%"),("T5)%)%9/+"V*&/$("X*)3&*6"
<&%'3+)"T(:,*6%.)*)/$"!g"J;"Org;"Chem;"19942"592"Y[D[BY[E\;"
"
Y\;A >,%1:.%$2"N;"L;P"I31:,&(52"Q;"R;P"O(V*&+%2"N;"V;P"V*),&(2"O;"t;P"Q&*7%=.4/2"
W;" t;" t;" fO/&(+)" T%$0(&./%$" %8" N+)/0*)('" N6+%,%6." )%" N?/'(." S./$-" O/:,($56"
<,%.:,%&*?/'*)(;"N"<&*+)/+*6"N6)(&$*)/0(")%"V/).3$%73"T%$'/)/%$.g"J;"Org;"Chem;"
19932"582"H[[YBH[[[;"
"
ZK;A I37(&2"V;P"I(6-*.%$2"T;"O;P"O*1($2"t;"W;P"a/32"a;P"I31:,&/(.2"R;"F;P"F&5.)*62"Q;"
>,(".&+",%1%6%-5"DB+%$)*/$/$-"/$%./)%6":,%.:,*)*.("@LI#<A"/."),("-*)(4((:(&"%8"
1*.)"+(66"'(-&*$36*)/%$;"Proc;"Nat;"A;"Sci;"USA"19982"952"!!EEKB!!EEH;"
"
Z!;A >*4(.,/)*2" L;P" X*17*2" X;P" i,*%2" t;" t;P" t/*$-2" `;P" Q($*$)2" I;" F;P" L/60*2" V;" t;P"
M&%')2"V;"O;P"I(6-*.%$2"T;"O;P"F*6(.$/4%882" t;P"R*3,2"V;" t;P"I31:,&/(.2"R;"F;P"
F&5.)*62" Q;P" >(/)(67*312" L;" a;P" R%..2" d;" <;" LI#<B'(8/+/($)" 1/+(" *&(" .(0(&(65"
%.)(%:%&%)/+"'3(")%"/$+&(*.('"$317(&."%8",5:(&B&(.%&:)/0("%.)(%+6*.).;"Nat;"Med;"
20022"82"\GEB\G\;"
"
ZD;A a3%2"tBV;P"`%.,/'*2"I;P"F%13&*2"L;P"b,/.,/2"X;P"<*$2"a;P"L,/-($%2"F;P"I*$*13&*2"
#;P" V/3&*2" F;P" #/'*2" L;P" S('*2" R;P" X*%(2" >;P" N4*%2" `;P" b,$%2" R;P" b,$/.,/2" F;"
<%../76(" '%1/$*$)B$(-*)/0(" 13)*)/%$" %8" ),(" LI#<" -($(" /$" *+3)(" 15(6%/'"
6(34(1/*;"Leukemia"20032"172"!B[;"
"
ZE;A L*))6(&2"V;P"L*6-/*2"R;P"L,&/4,*$'(2"Q;P"l(&1*2"L;P"T,%/2" t;Ba;P"R%,+,$(/'(&2"a;"
R;P" Q&/88/$2" t;" O;" >,(" :,%.:,*)/'56/$%./)%6" :%65:,%.:,*)(" HB:,%.:,*)*.(" LI#<"
*$'" ),(" :&%)(/$" )5&%./$(" :,%.:,*)*.(" LI<BD" 8%&1" *" +%1:6(9" /$" ,(1*)%:%/()/+"
+(66."=,/+,"+*$"7("&(-36*)('"75"MTReNMa"*$'"-&%=),"8*+)%&.;"Oncogene"19972"
152"DEZ\BDE[G;"
"
ZG;A V+T63.4(52" N;P" L/12" N;" >;" R;P" L*4%882" t;" N;" fL(&/$(B>,&(%$/$(" <&%)(/$"
<,%.:,*)*.("#$,/7/)%&.^"O(0(6%:1($)"%8"<%)($)/*6">,(&*:(3)/+"L)&*)(-/(.g"J;"Med;"
Chem;"20022"452"!!H!B!!ZH;"
"
ZH;A `*$-2"a;P"]/66/*1.2"O;"W;P"V3/2"N;P"b$-2"T;P"F&5.)*62"Q;P"0*$"L%(.)2"R;P"N$'(&.($2"
R;"t;"fL5$),(./."%8"<(6%&%6"*$'"N$*6%-.^"N+)/0*)%&."%8"),("#$%./)%6"HB<,%.:,*)*.("
LI#<g"Org;"Lett;"20052"72"!KZEB!KZY;"
"
ZY;A V*+4($?/(2" a;P" V*+&3&52" >;P" I*&=/-2" T;P" F,6(7$/4%02" l;P" L,*$2" R;P" <6*+(2" L;P"
M/&'2" <;P" <())/-&(=2" t;P" M,*))/2" X;" N;" b9*B" *$'" ),/*)()&*+5+6%%+)*'(+*)&/($("
'(&/0*)/0(."*."LI#<!"1%'36*)%&."*$'"),(/&":&(:*&*)/%$"*$'"3.("8%&"),(")&(*)1($)"%8"
LI#<!B1('/*)('"'/.(*.(.;"<T>"#$);"N::6;"]b"DK!!KY\!!["N!2"t3$"\2"DK!!;"
!Y\"
ZZ;A F3+,4%0*2"F;"#;P"T,31*4%02"`;"V;P"L/1%$%02"`;"N;P"M%+(66/2"Q;P"<*$*.($4%2"N;"
N;P"l6*'2"<;"d;"fN".,%&)"(88/+/($)".5$),(./."%8"!!B1%$%*+()*)("%8"'&/1*$(B[ 2!!B
'/%6"8&%1"$%&*17&(/$%6/'(g"Synthesis"19972"!KGHB!KG[;"
"
Z[;A l6*'2"<;" d;P"F3+,4/0*2"F;" #;P"N&5432"N;"X;P"O(6(*$32"F;" fW88/+/($)" .5$),(./." %8"
%$%+(&*$('/%6" 8&%1" !DB,5'&%:(&%95B[ 2!DB(:%95B!!B7/.,%1%'&/1*$(g" Russ;"
Chem;"Bull;"20052"542"DYHYBDYH[;"
"
Z\;A l6*'2"<;"d;P"N&4532"N;"X;P"T,%45&6*$2"N;"Q;" fL5$),(./." %8" @jAB'&/1B\@!!AB($B
[ B%6"8&%1".+6*&(%6g"Russ;"Chem;"Bull;"20042"532"GGEBGGY;"
"
[K;A l*'*:*66/2"L;P"F*$(2"T;">;"f#1:&%0('".5$),(./."%8"!!B*+()%95B[ B'&/1*$%6g Org;"
Prep;"Proced;"Int;"20082"402"DK!BDKG;"
"
[!;A I*&0(52"t;"X;P"t%0(&2"t;P"a6%5'Bt%$(.2"Q;"T;P"V%.(6(52"t;"O;P"V3&&*52"<;P"R($$52"t;"
L;"f>,("X(=1*$BF=*&)"R(*&&*$-(1($)"%8"OBN&56">,/%+*&7*1*)(.^"L37.)*$)/*6"
R('3+)/%$"/$"R(*+)/%$">(1:(&*)3&(."),&%3-,"<*66*'/31"T*)*65./.g"Angew. Chem. 
Int. Ed.2"20092"482"ZY!DBZY!H;"
"
[D;A V%.(6(52" t;"O;P"a($'($2" <;" fN",/-," )(1:(&*)3&(" /$0(.)/-*)/%$" 3./$-"1/+&%=*0("
.5$),(./."8%&"(6(+)&%$/+*665"*$'".)(&/+*665"'/.8*0%3&('".37.)&*)(."%8"),("X(=1*$B
F=*&)"&(*&&*$-(1($)g"Tetrahedron"20072"632"G!DKBG!DH;"
 
[E;A V%.(6(52" t;"O;P"L*$4(52"R;"d;P">*$-2"b;"X;P"Q/6'*52" t;"<;"f>,("X(=1*$BF=*&)"
&(*&&*$-(1($)" &(B(0*63*)('" 75" 1/+&%=*0(" .5$),(./.g" Tetrahedron" 20062" 622"
GY[HBGY[\;"
"
[G;A I($7(.)2" I;M;P" t*+4.%$2" ];" R;" fS.(" %8" *:&%)/+" .%60($)." 8%&" $3+6(%:,/6/+"
.37.)/)3)/%$"&(*+)/%$."*)"TBE"*$'"TB!\"/$".)(&%/'.g"J;"Chem;"Soc;"19622"\HGB\H\;"
"
[H;A V/+%0/+2"l;"V;P"V/,*/6%0/+2"V;"a;" f>,(" &('3+)/%$" %8" *+/'" *1/'(."=/)," 6/),/31"
*631/$31",5'&/'(g"J;"Org;"Chem;"19532"182"!!\KB!DKK;"
"
[Y;A L=*$$2" O;" N;P" >3&$73662" t;" I;" fN9/*6" *$'" (J3*)%&/*6" ),/%6.;" E B" *$'" E B>,/%6"
'(&/0*)/0(."%8"+,%6(.)*$("*$'"*$'&%.)*$%$(g"Tetrahedron"19642"202"!DYHB!DY\;"
"
[Z;A V*16%42"a;P" t*+J3(.2" t;"fN$'&%.)*$("'(&/0*)/0(."+%$)*/$/$-"0/$56/+"+,6%&/$(g"B;"
Soc;"Chim;"Fr;"!\YK2"G[GBG[Y;"
"
[[;A I6373+(42" t;" R;P" N*.($2" N;" t;P" N61J0/.)2" L;" b;P" W$?(662" T;" R;" fG;" >%7*++%"
+,(1/.)&5;" DH;" >=%" $(=" '&/1*$(" .(.J3/)(&:($(" *6+%,%6." 8&%1"Q&((4" X/+%)/*$*"
)*7*+31g"Acta;"Chem;"Scand;"B;"19742"282"D[\BD\G;"
"
"
"
!ZK"
[\;A Q*66*&'%BQ%'%52" N;P" d/(&&%2" N;P" V+a(*$2" >;" I;P" T*.)/66%2" V;P" T*..(6.2" M;" F;P"
R(5(.B<*&*'*2"V;P"X/+,%6.2"O;"W;"fL3683&BL37.)/)3)('" BN6456"<,($(),56*1/$(."
*." L(6(+)/0(" *$'" R(0(&./76("VNbBN" #$,/7/)%&.^" M/%6%-/+*6" N+)/0/)/(.2" T%VdN"
N$*65./.2"*$'"N+)/0("L/)("V%'(6/$-g"J;"Med;"Chem;"20052"482"DGKZBDG!\;"
"
"
!Z!"
CHAPTER 3 
 
 
SYNTHESIS OF SHIP2 INHIBITORS AS19494902"AS1938909"AND SOME 
STRUCTURAL ANALOGS 
 
 
Introduction 
"
" <,%.:,*)/'56/$%./)%6" EUB4/$*.(" @<#EFA" /." *" +&/)/+*6" +%1:%$($)" %8" ./-$*6/$-" 8%&"
1*$5" -&%=)," 8*+)%&." *$'" ,%&1%$(.;!" L(0(&*6" +%1:%$($)." %8" ),/." :*),=*5" ,*0(" 7(($"
)*&-()('"8%&"'&3-"'/.+%0(&5"./$+("'(&(-36*)/%$"%8"),/.":*),=*5"&(.36)."/$"),("'(0(6%:1($)"
%8"+*$+(&"*$'"'/*7()(.;D2E""
<#EF" -($(&*)(." :,%.:,%/$%./)/'(." .:(+/8/+*665" :,%.:%)/'56/$%./)%6BE2G2HB
)&/.:,%.:,*)(" @<#<EA2"=,/+," *&(" .(+%$'"1(..($-(&." ),*)" *&(" /$0%60('" /$" &(-36*)/$-" +(66"
83$+)/%$.;G" LIDB+%$)*/$/$-" /$%./)%6" :,%.:,*)*.(" @LI#<A" ,(6:." &(-36*)(" ),(.("
:,%.:,%/$%./)/'(" :%%6.H" 75" ,5'&%65?/$-" :,%.:,*.)/'56/$%./)%6" @E2G2HAB)&/:,%.:,*)(" @<#B
@E2G2HAB<EA"/$)%":,%.:,*.)/'56/$%./)%6"@E2GAB7/.:,%.:,*)("@<#B@E2GAB<DA;">,(&("*&("),&(("
/.%8%&1."%8"LI#<^"LI#<!2".LI#<2"*$'"LI#<D;"LI#<!"/."(9:&(..('"%$65"/$"76%%'"*$'"7%$("
1*&&%="+(66."=,/6(".LI#<"/.":&/1*&/65"(9:&(..('"/$".)(1"+(66.;"LI#<D2"%$"),("%),(&",*$'2"
/."(9:&(..('"37/J3/)%3.65"),&%3-,%3)"),("7%'5;"
N"$317(&"%8" .)3'/(." .,%=('" ),*)"LI#<D",*."*":%../76(" &%6(" /$"*"7&(*.)"+*$+(&B
&(6(0*$)" :*),=*5;" LI#<D" ,*." *$" *)5:/+*6" (88(+)" %$" (:/'(&1*6" -&%=)," 8*+)%&" @WQdA"
/$'3+('" ./-$*6/$-" /$" 0*&/%3." 7&(*.)" +*$+(&" +(66" 6/$(.;" b0(&(9:&(../%$" %8" ),/." ($?51("
+*3.(."*$"/$+&(*.("/$"WQdB/$'3+('"./-$*6/$-"75"(6(0*)/$-"),("6(0(6"%8"),("WQd"&(+(:)%&"
@WQdRA;"V36)/:6("7&(*.)"+*$+(&"+(66"6/$(."'/.:6*5('"./-$/8/+*$)65",/-,(&"6(0(6."%8"WQdR;"
#$" *''/)/%$2" LI#<D" =*." .,%=$" )%" *6.%" 7(" %0(&(9:&(..('" /$" ),(.(" 136)/:6(" +*$+(&" +(66"
6/$(.;"T6/$/+*6".:(+/1($."%8"7&(*.)"+*$+(&".,%=('"*"./1/6*&"%0(&(9:&(../%$"%8"7%),"WQdR"
!ZD"
*$'"LI#<D;"N''/)/%$*665"-($("*&&*5"*$'"RXN"/$)(&8(&($+(".)3'/(.",*0(".3--(.)('"LI#<D"
/."&(J3/&('"8%&"-&%=),"*$'".3&0/0*6"%8"7&(*.)"+*$+(&"+(66.;YB\"d3&),(&1%&(2".3::&(../%$"%8"
LI#<D"=/),"WQdR"/$,/7/)%&.".,%=('"YKc"/$+&(*.("/$"*:%:)%./.;Y"
#$" DKK\2" NL!\G\G\K" 3.1" =*." /'($)/8/('" *." *" :%)($)2" .1*66" 1%6(+36(" LI#<D"
/$,/7/)%&" ),&%3-," *" ,/-,B),&%3-,:3)" .+&(($/$-" @I>LA;" >,/."1%6(+36(" .,%=('" .(6(+)/0("
:%)($+5" *-*/$.)" ,31*$" @#THK" p" K;YD" VA" *$'" 1%3.(" @#THK" p" K;EG" VA" LI#<D;" #$"
*''/)/%$2"4/$()/+"/$,/7/)/%$".)3'/(.".,%=('"),*)"3.1"=*."*"+%1:()/)/0("/$,/7/)%&"@F/" "K;GG"
1V"8%&",31*$"LI#<DA2"1(*$/$-"/)".,*&('"*"7/$'/$-"./)("=/),"),("/$%./)%6".37.)&*)(;!K"
"
"
"
Figure 3–1;"" NL!\G\G\K"3.1;"
 
Polyphosphatases IC50 ( M) 
I31*$"LI#<D" K;YD"q"K;KD"
I31*$"LI#<!" !E"q"D"
V%3.("LI#<D" K;EG"q"K;!K"
I31*$"<>WX" r"HK"
I31*$".5$*:)%C*$/$" r"HK"
I31*$"15%)3736*&/$" r"HK"
 
Table 3–1;"" InBvitro"*88/$/)5"%8"3.1">%=*&'."L(0(&*6"<%65:,%.:,*)*.(.;!K 
"
" R(+($)652" NL!\E[\K\" 3.22" *$" *$*6%-" %8" 3.12" =*." *6.%" /'($)/8/('" *." LI#<D"
/$,/7/)%&;" >,/."1%6(+36(" (9,/7/)('" /$,/7/)%&5" *+)/0/)5" *-*/$.)" ,31*$" *$'"1%3.(" LI#<D"
=/),"#THK"0*63(."%8"K;HZ"*$'"K;![" V2"&(.:(+)/0(65;">,("/$,/7/)%&5"*+)/0/)5"%8"3.2"*-*/$.)"
,31*$"LI#<!"=*."=(*4(&"),*$"NL!\G\G\K;"#$"*''/)/%$2"/)".,%=('"$%"/$,/7/)%&5"*+)/0/)5"
!ZE"
*-*/$.)"<>WX2".5$*:)%C*$/$2"%&"15%)376*&/$"@Table 3–2A"/$'/+*)/$-"),*)"3.2"/."*".(6(+)/0("
*$'":%)($)"LI#<D"/$,/7/)%&;!!"
""
"
"
Figure 3–2;"" NL!\E[\K\"3.2;"
"
Polyphosphatases IC50 ) Ki M) 
I31*$"LI#<D" K;HZ"q"K;!!" K;GG"q"K;KZ"
I31*$"LI#<!" D!"q"D" !D"q"G;G"
V%3.("LI#<D" K;!["q"K;KD" X%)"O()(&1/$('"
I31*$"<>WX" r"HK" X%)"O()(&1/$('"
I31*$".5$*:)%C*$/$" r"HK" X%)"O()(&1/$('"
I31*$"15%)3736*&/$" r"HK" X%)"O()(&1/$('"
 
Table 3–2;" In Vitro" N88/$/)5" %8" 3.2" >%=*&'." LI#<D2" LI#<!2" <>WX2"
.5$*:)%C*$/$2"*$'"15%)3736*&/$;!!"
"
Objectives 
"
>,(":&/1*&5"%7C(+)/0("%8" ),/."=%&4"=*." )%".5$),()/+*665":&(:*&("NL!\G\G\K"3.1"
*$'" NL!\E[\K\" 3.2 *$'" (0*63*)(" ),(/&" 7/%6%-/+*6" *+)/0/)5;" ](" =(&(" /$)(&(.)('" %$" ),("
LI#<!"*+)/0/)5"%8"),(.("1%6(+36(."),3."),(.("1%6(+36(."=(&(")(.)('"8%&"/)."LI#<!"*+)/0/)5;"
#$"*''/)/%$2" ),("LI#<"/$,/7/)%&5"*+)/0/)5"%8" ),(.("+%1:%3$'."=(&("+%1:*&('")%" ),(":*$"
LI#<!eLI#<D" /$,/7/)%&." ),*)"=(" '/.+%0(&(';!D"N6.%2" ),(.("1%6(+36(."=/66" 7(" )(.)('" 8%&"
),(/&"+5)%)%9/+/)5"%$"7&(*.)"+*$+(&"+(66"6/$(.")%"0(&/85"),("&%6("%8"LI#<D"/$,/7/)/%$"%$"),("
-&%=),"%8"7&(*.)"+*$+(&"+(66.;"a*.)652" *$*6%-."%8"3.1" *$'"3.2"=(&(" .5$),(./?('"*$'"=*."
!ZG"
)(.)('"8%&"),(/&"LI#<"/$,/7/)%&5"*+)/0/)5")%"'()(&1/$(".%1(":&(6/1/$*&5".)&3+)3&("*+)/0/)5"
&(6*)/%$.,/:.;"
"
Results and Discussion 
"
>,(" 6/)(&*)3&(" .5$),()/+" &%3)(" 8%&" ),(" .5$),(./." %8" NL!\G\G\K" 3.1" /." .,%=$" /$"
Scheme 3–1;!K" >,(" .5$),(./." +%11($+('" 8&%1" ),(" +%11(&+/*665" *0*/6*76(" 1(),56"
),/%-65+%6*)("3.3"*$'"1(),56"D2EB'/+,6%&%:&%:/%$*)("3.4;"T5+6/?*)/%$"%8"3.3"*$'"3.4"3./$-"
.%'/31" 7/+*&7%$*)(" /$" 1(),*$%6" *88%&'('" ),/%:,($(" 3.5;" V(),56" (.)(&" @3.5A" ,*." 7(($"
&(:%&)('" )%"7(",5'&%65?('" )%" ),("*+/'"3.6 3./$- 6/),/31 ,5'&%9/'( /$"=*)(&;!E"I%=(0(&2"
*))(1:).")%"&(:&%'3+("),/."&(*+)/%$"=(&("$%)".3++(..8362"*$'"%$65"&(.36)('"/$"),("&(+%0(&5"
%&"'(+%1:%./)/%$"%8"),(".)*&)/$-"1*)(&/*6;"
"
Scheme 3–1a" d/&.)"Q($(&*)/%$"L5$),(./."%8"NL!\G\G\K"3.1 
 
"
"
aR(*-($)."*$'"+%$'/)/%$.^"@*A".%'/31"7/+*&7%$*)(2"V(bI2"%0(&$/-,)2"&(86392"E\c"@7A"
i;"a/bI2">Id2"V(bI2"=*)(&2" &)2"DD"," ii;"HH" %T2"H"," @+A" @LAB@BAB B1(),567($?56*1/$(2"
WOT2"OTV2"&)2"%0(&$/-,)"@'A"GB+,6%&%7($?56+,6%&/'(2"FDTbE2"OVd2"[K"%T2"![",;"
"
>%" +/&+310($)" /..3(."=/)," ),(" (.)(&" ,5'&%65./.2" ),(" *6+%,%6" @3.5A"=*." :&%)(+)('"
3./$-" 7($?56" 7&%1/'(" @M$M&A;" I5'&%65./." %8" 1(),56" (.)(&" @3.8A" -*0(" *+/'" 3.9 /$" -%%'"
5/(6';">,("*+/'"=*." ),($"+%3:6('"=/)," @SAB@BAB B1(),567($?56*1/$("3./$-"!B(),56BEB
!ZH"
@EB'/1(),56*1/$%:&%:56A" +*&7%'//1/'(" @WOTA;"O(:&%)(+)/%$" %8" ),(" 7($?56" (),(&" @3.10A"
8%66%=('"*6456*)/%$":&%0/'('"),("'(./&('"NL!\G\G\K"3.1;"@Scheme 3–2A"
"
SCHEME 3–2a" L(+%$'"Q($(&*)/%$"L5$),(./."%8"NL!\G\G\K"3.2" ""
"
"
"
aR(*-($)."*$'"+%$'/)/%$.^"@*A"M$M&2"FDTbE2"OVd2"[K"%T2"DY",2"\Dc"@7A"X*bI2">Id2"
V(bI2" =*)(&2" HK" %T2" DK" ,2" [!c" @+A" @SAB@BAB B1(),567($?56*1/$(2" WOT62" OTV2" &)2"
%0(&$/-,)2" [Ec" @'A" MM&E2" OTV2" K" %T2" E" ,2" ZYc" @(A" GB+,6%&%7($?56" +,6%&/'(2" FDTbE2"
OVd2"[K"%T2"![",2"Z[c;"
"
#$"*''/)/%$2",*6%B"*$'"1(),%957($?56",*6/'(."=(&("3.('")%"*6456*)("),("),/%:,($B
EB%6" @3.11A" *." .,%=$" /$" Table 3–3 7(6%=;" >,(.(" 1%6(+36(." =(&(" )(.)('" 8%&" ),(/&"
/$,/7/)%&5"*+)/0/)5"*-*/$.)"LI#<D"*$'"=(&("+%1:*&('"=/),"NL!\G\G\K;">,(.("1%6(+36(."
=/66",(6:"'()(&1/$("),("(88(+)"%8"),("+,*$-(."/$"),(".37.)/)3)/%$"*."=(66"*."),(":%./)/%$"%8"
),(.(".37.)/)3($)."/$"),("7($?56"(),(&"1%/()5")%=*&'."LI#<D"/$,/7/)%&5"*+)/0/)5;"
"
"
"
"
"
"
"
!ZY"
"
"
Entry G X Product Yield 
!" DBM&" M&"
"
[[c"
D" GBM&" M&"
"
[[c"
E" DBd" M&"
"
YGc"
G" GBd" M&"
"
Z\c"
H" DBT6" T6"
"
Z[c"
Y" EBT6" T6"
"
Z[c"
!ZZ"
Z" D2GBT6D" T6"
"
[Kc"
[" GBbTIE" T6"
"
[Zc"
\" I" M&"
"
\Dc"
"
Table 3–3;" L5$),(./?('"NL!\G\G\K"3.1"N$*6%-.;"
"
"
>,(".5$),(./."%8"3.2 =*.":(&8%&1('"/$"*$"*$*6%-%3."1*$$(&")%"NL!\G\G\K"3.1 *."
.,%=$"/$"Scheme 3–3;"T%3:6/$-"%8"*+/'"3.9"=/),"D2YB'/863%&%7($?56"*1/$("3./$-"WOT"
8%66%=('"75"'(:&%)(+)/%$"%8"),("7($?56"(),(&"3./$-"MM&E"),($"*6456*)/%$"%8"),/%:,($BEB%6"
@3.23A"=/),"D2GB'/+,6%&%7($?56"+,6%&/'("*88%&'('"),("'(./&('"),/%:,($("NL!\E[\K\"3.2;"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
!Z["
SCHEME 3–3a L5$),(./."%8"NL!\E[\K\"3.2"
"   
"
"
aR(*-($)."*$'"+%$'/)/%$.^"@*A"M$M&2"FDTbE2"OVd2"[K"%T2"DY",2"\[c"@7A"X*bI2">Id2"
V(bI2"=*)(&2"HK"%T2"DK",2"[c"@+A"D2YB'/863%&%7($?56*1/$(2"WOT2"OTV2"&)2"%0(&$/-,)2"
[Ec"@'A"MM&E2"OTV2"K"%T2"E",2"YEc"@(A"GB+,6%&%7($?56"+,6%&/'(2"FDTbE2"OVd2"[K"%T2"
![",2"[Kc;"
"
#$" *''/)/%$" )%" ),(" .5$),(./." %8" NL!\E[\K\2" *$*6%-." =(&(" *6.%" .5$),(./?('" *$'"
/$+63'('"3.25B3.22;"
"
"
"
Entry G X Time (h) Product Yield 
!" DBM&" M&" DD"
"
\Hc"
!Z\"
D" GBM&" M&" DD"
"
YHc"
E" DBd" M&" DD"
"
ZYc"
G" GBd" M&" !["
"
Z\c"
H" DBT6" T6" !\"
"
[Gc"
Y" EBT6" T6" DD"
"
[Ec"
Z" GBT6" T6" DD"
"
[Ec"
[" GBbTIE" T6" DD"
"
[Ec"
 
Table 3–4;" L5$),(./?('"NL!\E[\K\"3.22"N$*6%-.;"
![K"
" >,(" LI#<" /$,/7/)%&5" *+)/0/)5" %8" ),(.(" 1%6(+36(." /." .311*&/?('" /$"Table 3–5;"
T%1:%3$'. 3.12" 3.22" *$'" /)." *$*6%-.2" ,%=(0(&2" '/'" $%)" .,%=" *$5" /$,/7/)%&5" *+)/0/)5"
)%=*&'." LI#<!" =,/+," =*." '()(&1/$('" 3./$-" 1*6*+,/)(" -&(($" *..*5;" #$" ),(" 1*6*+,/)("
-&(($"*..*52"+%1:*&/.%$"%8"),("LI#<D"/$,/7/)%&5"*+)/0/)5"%8"),(":*&($)"1%6(+36(."3.1"*$'"
3.2".,%=('"7%),"1%6(+36(.",*0("+%1:*&*76("*+)/0/)52"73)" ),/."*+)/0/)5"=*."./-$/8/+*$)65"
6%=(&"),*$"=*."&(:%&)('"/$"),("6/)(&*)3&(;!KB!!"N$*6%-."%8"3.1".,%=('"/$+&(*.('"/$,/7/)%&5"
*+)/0/)5":*&)/+36*&65"*$*6%-."=/),"7&%1/'(".37.)/)3($)."@3.14"*$'"3.15A"*."=(66"*."1(),%95"
*$*6%-" @3.21A;" >,(.(" 1%6(+36(." .,%=('" 1%&(" ),*$" )=/+(" /$,/7/)/%$" (9,/7/)('" 75" 3.1;"
N6)(&$*)/0(652"*$*6%-."%8 3.2"'/'"$%)".,%="*$5"/1:&%0('"@3.25"*$'"3.29A"%&"*$5"/$,/7/)/%$"
@3.222"3.27B3.282"3.29A")%=*&'."LI#<D;"
"
Compound 
%Inhibition* 
SHIP1  SHIP2 
 
X%"#$,/7/)/%$" ![;Gc"
 
X%"#$,/7/)/%$" E!;Kc"
 
X%"#$,/7/)/%$" GZ;Ec"
![!"
 
X%"#$,/7/)/%$" GG;Dc"
 
X%"#$,/7/)/%$" X%"#$,/7/)/%$"
 
X%"#$,/7/)/%$" D\;Yc"
 
X%"#$,/7/)/%$" DH;Dc"
 
X%"#$,/7/)/%$" DZ;\c"
 
X%"#$,/7/)/%$" HK;Zc"
 
X%"#$,/7/)/%$" E!;Kc"
![D"
 
X%"#$,/7/)/%$" DK;Zc"
 
X%"#$,/7/)/%$" X%"#$,/7/)/%$"
 
X%"#$,/7/)/%$" !K;\c"
 
X%)"O()(&1/$('" X%)"O()(&1/$('"
 
X%"#$,/7/)/%$" X%"#$,/7/)/%$"
 
X%"#$,/7/)/%$" X%"#$,/7/)/%$"
 
X%"#$,/7/)/%$" !Y;Zc"
![E"
 
X%"#$,/7/)/%$" X%"#$,/7/)/%$"
 
X%)"O()(&1/$('" X%)"O()(&1/$('"
 
X%"#$,/7/)/%$" X%"#$,/7/)/%$"
*O()(&1/$('"*)"!"1V"T%$+($)&*)/%$"S./$-"V*6*+,/)("Q&(($"N..*5"
X%)">(.)('"O3(")%"S$+(&)*/$"<3&/)5;""
"
Table 3–5;  LI#<!" *$'" LI#<D"c#$,/7/)/%$" %8"NL!\G\G\K"3.12" NL!\E[\K\"
3.22"*$'"N$*6%-.;!G}"
"
Conclusion and Future Work"
"
" LI#<D" ,*." 7(($" .,%=$" )%" ,*0(" :%../76(" &%6(" /$" *" 7&(*.)" +*$+(&B&(6(0*$)" +(66"
./-$*6/$-":*),=*5;"R(+($)65" /)"=*."'(1%$.)&*)('" ),*)"LI#<D" /."%0(&(9:&(..('" /$"1*$5"
+*$+(&" +(66" 6/$(." *."=(66" *." +6/$/+*6" .:(+/1($." %8" 7&(*.)" +*$+(&;" >,(" %0(&(9:&(../%$" %8"
LI#<D"/$"7&(*.)"+*$+(&"*::(*&.")%".3::%&)."+(66":&%6/8(&*)/%$"=,/6(".3.:($./%$"%8"LI#<D"
&()*&'."+*$+(&"-&%=),;">,("1%6(+36(."NL!\G\G\K"3.1"*$'"NL!\E[\K\"3.22 /'($)/8/('"*."
LI#<D"/$,/7/)%&.2"=(&(".5$),(./?(';"#$"*''/)/%$2".5$),(.(."%8"*$*6%-."%8"),(.("1%6(+36(."
=/),"0*&5/$-".37.)/)3($)."%$"),("OB7($?56".37.)/)3($)"=(&(":3&.3(';"W0*63*)/%$"%8"),(.("
1%6(+36(."3./$-"1*6*+,/)("-&(($" *..*5" .,%=('" ),*)":*&($)"1%6(+36(." *$'" ),(/&" *$*6%-."
}"" >,("cLI#<!"*$'"cLI#<D"/$,/7/)/%$"%8" ),("1%6(+36(."=(&("'()(&1/$('"),&%3-,"
1*6*+,/)("-&(($"*..*5"+%$'3+)('"75"N1*$'*"M*6+,"8&%1"LSX`"S:.)*)("V('/+*6"
S$/0(&./)5;"
![G"
'/'" $%)" (9,/7/)" *$5"LI#<!" /$,/7/)%&5" *+)/0/)5;"b$" ),(" %),(&" ,*$'2" (0*63*)/%$" %8" LI#<D"
/$,/7/)%&5" *+)/0/)5" %8" ),(" :*&($)" 1%6(+36(." .,%=('" +%1:*&*76(" *+)/0/)5" %8" ),(" )=%"
1%6(+36(.2",%=(0(&"),/.":%)($+5"=*."6%=(&"),*$"=*."&(:%&)('"/$"),("6/)(&*)3&(;"b$65"),("
*$*6%-."%8"3.1".,%=('"7())(&":%)($+5"*-*/$.)"LI#<D".%1("%8"=,/+,"(9,/7/)('"1%&("),*$"
'%376(" ),(" :%)($+5" %8" 3.1;" >,(" *$*6%-." %8" 3.2 .,%=(' 6(.." :%)($+5" %&" $%" /$,/7/)%&5"
*+)/0/)5"*-*/$.)"LI#<D;"#$"),("83)3&(2"7/%6%-/+*6")(.)/$-"*-*/$.)"7&(*.)"+*$+(&"+(66."in vitro"
=/66"7("+%$'3+)('"=/),"),("1%.)"*+)/0(")%"1%6(+36(.")%"'()(&1/$("/8"),(5"=/66"7("(88(+)/0("
/$".6%=/$-"),("-&%=),"%8"),(.(")31%&"+(66.;"
"
Experimental Section 
 
General Experimental Procedure 
 
Reactions: W9+(:)"*."%),(&=/.("$%)('2"&(*+)/%$."=(&("+*&&/('"%3)"3$'(&"*&-%$"*)1%.:,(&("
/$"*$"%0($B"%&"86*1(B'&/('"-6*..=*&(;"d6*.4."=(&("86*1("'&/('"3$'(&"*".)&(*1"%8"$/)&%-($"
%&" *&-%$" %&" 3$'(&" 0*+331;" O/1(),568%&1*1/'(" @OVdA" =*." '/.)/66('" 8&%1" 1%6(+36*&"
./(0(.;" R(*+)/%$" .%60($)." =(&(" '&/('" 75" *" .%60($)" :3&/8/+*)/%$" .5.)(1" @7($?($(2"
'/+,6%&%1(),*$("@OTVA2")()&*,5'&%83&*$"@>IdAA"3./$-"*631/$*"*."),("'&5/$-"*-($);"N66"
%),(&"&(*-($)."=(&("&(*-($)"-&*'("*$'":3&/8/('"*."$(+(..*&5;" 
 
Methods: N$*65)/+*6" ),/$" 6*5(&" +,&%1*)%-&*:,5" @>aTA" =*." :(&8%&1('" 3./$-" DHK" 1"
+%11(&+/*6"./6/+*"-(6":6*)(."@WVO"T,(1/+*6.2"./6/+*"-(6"YK"dDHGA"*$'"0/.3*6/?('"75"Sl"
/6631/$*)/%$"%&"75"(9:%.3&(")%"pB*$/.*6'(,5'(".%63)/%$"8%66%=('"75",(*)/$-"3./$-"*",(*)"
-3$;" d6*.," +,&%1*)%-&*:,5"=*." +*&&/('" 3./$-" +%11(&+/*665" *0*/6*76(" GKBYK" 1" ./6/+*"
-(6"@L/6/+5+6(A;"
"
Identity:" V(6)/$-" :%/$)." =(&(" &(+%&'('" 3./$-" *$" WiBV(6)" N3)%1*)('" V(6)/$-" <%/$)"
N::*&*)3." /$"%:($"+*:/66*&/(."*$'"*&("3$+%&&(+)(';" #$8&*&('".:(+)&*"=(&("%7)*/$('"3./$-"
>,(&1%"X/+%6()"#RDKK"*$'"#R!KK".:(+)&%1()(&.;">,(".:(+/8/+"&%)*)/%$."=(&("'()(&1/$('"
*)" ),(" .%'/31" 6/$(" @H[\" $1A" *$'" &(+%&'('" %$" *" R3'%6:," N3)%:%6" ###" 3./$-" OTV" *."
.%60($);"<&%)%$2"+*&7%$2"*$'"863%&/$("$3+6(*&"1*-$()/+"&(.%$*$+("@!I2"!ET2"*$'"!\d"XVRA"
![H"
=(&("&(+%&'('"3./$-"M&34(&"O<_BEKK".:(+)&%1()(&;"T,(1/+*6".,/8)."*&("&(:%&)('"/$"'(6)*"
@ A" 3$/).2" '%=$8/(6'" 8&%1" )()&*1(),56./6*$(" @>VLA" =/)," &(8(&($+(" )%" &(./'3*6" .%60($)."
TOT6E"@!I^"Z;DYP"!ET^"ZZ;DEA"*$'"TOEbO"@!I^"G;Z[P"!ET^"G\;!HA;"T%3:6/$-"+%$.)*$)."*&("
&(:%&)('"/$"I(&)?"@I?A;"
"
Experimental 
"
 
 
Methyl 3–(benzyloxy)thiophene–2–carboxylate (3.8) 
 
#$" *" &%3$'" 7%))%1" 86*.42" ),/%:,($BEB%6"3.5" @!;[Z" -2" !!;["11%6A2" 7($?56" 7&%1/'("3.33"
@!;Y\"1a2"!G;D"11%6A2"*$'":%)*../31"+*&7%$*)("@D;GH"-2"!Z;Z""11%6A"=(&(".3.:($'('"/$"
OVd"@H\"1aA;">,("&(*+)/%$"1/9)3&("=*.".)/&&('"+%$)/$3%3.65"*$'",(*)('")%"[K"%T;"N8)(&"
*::&%9/1*)(65" DD" ,2" ),(" &(*+)/%$" 1/9)3&(" =*." +%%6('" *)" &%%1" )(1:(&*)3&(" 7(8%&("
J3($+,/$-" ),(" &(*+)/%$"75"*''/$-"=*)(&" @!KK"1aA;">,("J3($+,('" &(*+)/%$"1/9)3&("=*."
(9)&*+)('"=/),"(),56"*+()*)("@E"9"!KK"1aA;">,("%&-*$/+"6*5(&."=(&("+%66(+)('2"+%17/$('2"
=*.,('"%0(&".*);".%'/31"+,6%&/'(".%63)/%$"@E"9"!KK"1aA2"'&/('"%0(&".%'/31".368*)(2"*$'"
+%$+($)&*)('" 3$'(&" &('3+('" :&(..3&(;" >,(" &(./'3(" =*." :3&/8/('" ),&%3-," 86*.," +%631$"
+,&%1*)%-&*:,5"3./$-"!KB!Hc"(),56" *+()*)(" /$",(9*$("*."(63($)" )%"*88%&'"7($?56" (),(&"
3.8"@D;[Y"-2"\[cA"*."*$"%88"=,/)(".%6/';""
3.8;"1;:;"p"YH;KBYZ;E" %T"@OTVAP">aT"Rf" "p"K;HY" @,(9*$(^(),56"*+()*)(2"G^!AP" #R"@FM&A"
EGKG2"E!KZ2"EKED2"!YGH2"!DEE2"!KYZ"+1B!P"!I"XVR"@EKK"VI?2"TOT6EA" "Z;GH"@'2"J"p"Z;G"
I?2" DIA2" Z;DYBZ;E[" @12" EIA2" Y;Z\" @'2"J" p" H;H"I?2" !IA2" H;D!" @.2" DIA2" E;[E" @.2" EIAP" !ET"
XVR"@ZH"VI?2"TOT6EA" "!YD;!2"!YK;\2"!EY;H2"!EK;Y2"!D[;Y2"!D[;K2"!!Z;Y2"!!K;G2"ZE;D2"
H!;Y;"
"
"
"
"
"
![Y"
"
"
3–(benzyloxy)thiophene–2–carboxylic acid (3.9) 
 
N".%63)/%$"%8".%'/31",5'&%9/'("@H;ZH"1a2"EG;H"11%62"Y;K"V"/$"=*)(&A"=*."*''('")%"),("
.%63)/%$"%8"1(),56"(.)(&"3.8 @D;[Y"-2"!!;H"11%6A"/$">Id"@!G;GK"1aA"*$'"1(),*$%6"@D[;ZH"
1aA;" >,(" &(*+)/%$" 1/9)3&(" =*." .)/&&('" +%$)/$3%3.65" *$'" ,(*)('" )%" HK" %T;" N8)(&"
*::&%9/1*)(65"DD",2"),("&(*+)/%$"1/9)3&("=*."+%%6('")%"&%%1")(1:(&*)3&("*$'"'/63)('"75"
*''/$-"(),56"*+()*)("@!KK"1aA;">,("&(*+)/%$"=*."J3($+,('"75"*''/$-",5'&%+,6%&/+"*+/'"
.%63)/%$"@!H"1a2"!"VA;">,("%&-*$/+"6*5(&"=*."=*.,('"=/),"7&/$(".%63)/%$"@DK"1aA2"'&/('"
%0(&" .%'/31" .368*)(2" *$'" +%$+($)&*)('" 3$'(&" &('3+('" :&(..3&(;" <3&/8/+*)/%$" =/)," 86*.,"
+%631$" +,&%1*)%-&*:,5" 3./$-" HKBYKc"(),56" *+()*)(" /$" ,(9*$(" *." (63($)" *88%&'('" *+/'"
3.9"@D;E\"-2"[\cA"*."*$"%88B=,/)(".%6/';"
3.9;"1;:;"p"!!H;EB!D!;["%T"@OTVAP">aT"Rf""p"K;EK"@,(9*$(^(),56"*+()*)(2"E^DAP"#R"@FM&A"
EE[Z2"EKED2"D\G[2"D[[!2"!YY[2"!KYZ"+1B!P"!I"XVR"@EKK"VI?2"TOT6EA" "Z;HK"@'2"J"p"H;H"
I?2"!IA2"Z;GKBZ;GY"@12"GIA2"Z;DGBZ;E\"@12"DIA2"Y;[["@'2"J"p"H;H"I?2"!IA"H;D\"@.2"DIAP"
!ET"XVR" @ZH"VI?2" TOT6EA" " !YK;D2" !EH;G2" !ED;H2" !D\;K2" !D[;Z2" !D[;Z2" !DZ;G2" !!Y;\2"
!!!;H2"ZG;!;"
"
"
"
(S)–3–(4–chlorobenzyloxy)–N–(1–phenylethyl)thiophene–2–carboxamide (3.1) 
 
#$" *" &%3$'" 7%))%1" 86*.42" ),/%:,($BEB%6" 3.11 @K;!K" -2" K;GK" 11%6A2 GB+,6%&%7($?56"
+,6%&/'("3.34" @K;KZ"-2" K;G["11%6A2" *$'":%)*../31"+*&7%$*)(" @K;K["-2" K;YK"11%6A"=(&("
.3.:($'('"/$"OVd"@D"1aA;">,("&(*+)/%$"1/9)3&("=*.".)/&&('"+%$)/$3%3.65"*$'",(*)('")%"
[K" %T;" N8)(&" *::&%9/1*)(65" ![" ,2" =*)(&" @!K" 1aA" =*." *''(';" >,(" J3($+,('" &(*+)/%$"
![Z"
1/9)3&("=*."(9)&*+)('"=/),"(),56"*+()*)("@E"9"!K"1aA;">,("%&-*$/+"6*5(&."=(&("+%66(+)('2"
+%17/$('2"=*.,('"=/),".*);"*J;".%'/31"+,6%&/'(".%63)/%$"@E"9"!K"1aA2"'&/('"%0(&".%'/31"
.368*)(2" *$'" +%$+($)&*)('" 3$'(&" &('3+('" :&(..3&(;">,(" &(./'3("=*." :3&/8/('" 3./$-" 86*.,"
+%631$"+,&%1*)%-&*:,5"=/),"DKc"(),56"*+()*)("/$",(9*$("*."(63($)")%"*88%&'"3.1"@K;!G"-2"
Z[cA"*."%88B=,/)(".%6/';""
3.1;"1;:;"p"\D;GB\E;[" %T"@OTVAP">aT"Rf" "p"K;DD" @,(9*$(^(),56"*+()*)(2"G^!AP" #R"@FM&A"
EG!K2"E!KG2"D\YH2"!YEZ2"!DEK2"!KZ!"+1B!P" "p"jZD;Z"@c"D;EE2"OTVAP"!I"XVR"@EKK"
VI?2"TOT6EA" "Z;EZ"@'2"J"p"Z;Y"I?2"!IA2"Z;DDBZ;D["@12"EIA2"Z;!HBZ;!["@12"GIA2"Z;KZB
Z;!D"@12"DIA2"Y;Z\"@'2"J"p"H;H"I?2"!IA2"H;!E"@J3/$)2"J"p"Z;D"I?2"!IA2"H;K!"@''2"J"p"!E;[2"
!!;K" I?2" DIA2" !;EZ" @'2" J" p" Y;[" I?2" EIAP" !ET"XVR" @ZH"VI?2" TOT6EA" " !YK;\2" !HH;K2"
!GE;G2" !EG;[2" !EG;K2" !D\;G2" !D\;D2" !D\;!2" !D[;Z2" !DZ;E2" !DY;!2" !![;K2" !!Y;D2" ZE;D2" G[;\2"
DD;H;"
"
General Procedure for"3.10 and 3.14B3.21"
"
"
"
#$"*" &%3$'"7%))%1"86*.42" ),/%:,($%6"3.11 @!"(J3/0A2 7($?56",*6/'("3.12" @!;D"(J3/0A2"*$'"
:%)*../31" +*&7%$*)(" @!;H" (J3/0A" =(&(" .3.:($'('" /$" OVd" @H" 1a" :(&" !" 11%6A;" >,("
&(*+)/%$"1/9)3&("=*.".)/&&('"+%$)/$3%3.65"*$'",(*)('")%"[K"%T;"N8)(&"*::&%9/1*)(65"![",2"
=*)(&"=*."*''(';">,("J3($+,('" &(*+)/%$"1/9)3&("=*."(9)&*+)('"=/),"(),56"*+()*)(;">,("
%&-*$/+"6*5(&."=(&("+%66(+)('2"+%17/$('2"=*.,('"%0(&".*);".%'/31"+,6%&/'(".%63)/%$"@E"9"
!K"1aA2"'&/('"%0(&".%'/31".368*)(2"*$'"+%$+($)&*)('"3$'(&"&('3+('":&(..3&(;">,("&(./'3("
=*." :3&/8/('" 3./$-" 86*.," +%631$" +,&%1*)%-&*:,5"=/)," DKc" (),56" *+()*)(" /$" ,(9*$(" *."
(63($);"
"
"
O
DE;H
![["
"
"
(S)–3–(benzyloxy)–N–(1–phenylethyl)thiophene–2–carboxamide (3.10) 
 
3.10;">aT"Rf""p"K;GH"@,(9*$(^(),56"*+()*)(2"G^!AP"#R"@8/61A"EE\K2"EKEK2"D\ZK2"!YGD2"!DE!2"
!KH\"+1B!P" "p"jZY;E"@c"D;KK2"OTVAP"!I"XVR"@EKK"VI?2"TOT6EA" "Z;GZ"@'2"J"p"
Z;Z"I?2"!IA2"Z;DGBZ;ED"@12"HIA2"Z;!!BZ;!["@12"EIA2"Z;KYBZ;!K"@12"DIA2"Y;[!"@'2"J"p"H;H"
I?2"!IA2"H;!G"@J3/$)2"J"p"Z;G"I?2"!IA2"H;KY"@''2"J"p"!!;G2"\;D"I?2"DIA2"!;EE"@'2"J"p"Y;\"I?2"
EIAP" !ET" XVR" @ZH" VI?2" TOT6EA" " !Y!;K2" !HH;G2" !GE;Z2" !EH;Y2" !D\;K2" !D\;K2" !D[;!2"
!D[;[2"!DZ;D2"!DY;D2"!![;K2"!!Y;G2"ZG;!2"G[;\2"DD;Z;"
"
"
(S)–3–(2–bromobenzyloxy)–N–(1–phenylethyl)thiophene–2–carboxamide (3.14)"
"
3.14;">aT"Rf""p"K;D["@,(9*$(^(),56"*+()*)(2"G^!AP"#R"@8/61A"EE\K2"E!KZ2"D\ZK2"!YGK2"!KYK2"
ZYD"+1B!P" "p"jH[;\"@c"D;YY2"OTVAP"!I"XVR"@EKK"VI?2"TOT6EA" "Z;HE"@''2"J"p"
!K;!2"Z;H"I?2"!IA2"Z;GE"@'2"J"p"Z;Y"I?2"!IA2"Z;DZBZ;EK"@12"DIA2"Z;!ZBZ;DG"@12"DIA2"Z;!DB
Z;!H"@12"GIA2"Y;[E"@'2"J"p"H;H"I?2"!IA2"H;DKBH;D\"@12"EIA2"!;E\"@'2"J"p"Y;\"I?2"EIAP"!ET"
XVR"@ZH"VI?2"TOT6EA" "!YK;\2"!HG;\2"!GE;Y2"!EG;\2"!EE;E2"!EK;Y2"!EK;!2"!D\;!2"!D[;Z2"
!D[;K2"!DZ;E2"!DY;D2"!DE;Y2"!![;D2"!!Y;E2"ZE;H2"G\;K2"DD;Y;"
"
"
O
DK;\
O
DK;Y
![\"
"
"
(S)–3–(4–bromobenzyloxy)–N–(1–phenylethyl)thiophene–2–carboxamide (3.15) 
"
3.15;"1;:;"p"[G;\B[Y;G"%T"@OTVAP">aT"Rf" "p"K;E["@,(9*$(^(),56"*+()*)(2"G^!AP"#R"@FM&A"
EGK\2"E!KH2"D[Y[2"!YEG2"!KZ!2"YHK"+1B!P" "p"jYY;H"@c"D;EE2"OTVAP"!I"XVR"@EKK"
VI?2"TOT6EA" "Z;E["@'2"J"p"[;G"I?2"DIA2"Z;EG"@7.2"!IA2"Z;!GBZ;!["@12"EIA2"Z;KZBZ;!!"@12"
GIA2"Z;DZ"@'2"J"p"H;H"I?2"!IA2"Y;Z["@'2"J"p"H;H"I?2"!IA2"H;!G"@J3/$)2"J"p"Z;D"I?2"!IA2"G;\\"
@''2" J" p" !E;[2" !!;!"I?2" DIA2" !;EZ" @'2" J" p" Y;["I?2" EIAP" !ET"XVR" @ZH"VI?2"TOT6EA" "
!YK;\2"!HH;K2"!GE;G2"!EG;H2"!ED;D2"!D\;Z2"!D\;!2"!D[;[2"!DZ;G2"!DY;D2"!DE;K2"!![;!2"!!Y;D2"
ZE;E2"G\;K2"DD;H;"
"
""
"
(S)–3–(2–fluorobenzyloxy)–N–(1–phenylethyl)thiophene–2–carboxamide (3.16)"
"
3.16;">aT"Rf""p"K;D["@,(9*$(^(),56"*+()*)(2"G^!AP"#R"@8/61A"EG!K2"E!KE2"D\D\2"!YE\2"!DEK2"
!KZ!""+1B!P" "p"jYD;E"@c"!;EE2"OTVAP"!I"XVR"@EKK"VI?2"TOT6EA" Z;E\"@'2"J"p"
Z;H"I?2"!IA2"Z;D["@'2"J"p"H;H"I?2"!IA2"Z;DKBZ;DH"@12"DIA2"Z;!EBZ;!Z"@12"DIA2"Z;KZBZ;!D"
@12"DIA2"Y;[!"@'2"J"p"H;H"I?2"!IA2"H;!E"@J3/$)2"J"p"Y;\"I?2"!IA2"H;KD"@''2"J"p"!E;!2"!K;["
I?2"DIA2"!;EH"@'2"J"p"Y;["I?2"EIAP"!ET"XVR"@ZH"VI?2"TOT6EA" "!YK;\"@'2"J"p"DGZ;!"I?A2"
!YK;\2" !HG;\2" !GE;Z2" !E!;K" @'2"J"p"[;D"I?A2" !EK;G" @'2"J"p"E;H"I?A2" !D\;K2" !D[;Z2" !DZ;D2"
!DY;!2"!DG;Y"@'2"J"p"E;Y"I?A2"!DD;["@'2"J"p"!G;E"I?A2"!![;E2"!!Y;E2"!!H;\"@'2"J"p"DK;\"I?A2"
YZ;\"@'2"J"p"E;["I?A2"G[;[2"DD;YP"!\d"XVR"@D[D"VI?2"TOT6EA"B!![;!B@B!![;DA"@1A;"
O
DK;K
O
D!;G
!\K"
"
"
(S)–3–(4–fluorobenzyloxy)–N–(1–phenylethyl)thiophene–2–carboxamide (3.17)"
"
3.17;">aT"Rf""p"K;E["@,(9*$(^(),56"*+()*)(2"G^!AP"#R"@FM&A"EE\D2"E!KZ2"D\DE2"!YE[2"!DED2"
!KH["""+1B!P" "p"jZG;G"@c"D;KK2"OTVAP"!I"XVR"@EKK"VI?2"TOT6EA" "Z;GH"@'2"J"p"
Z;Y"I?2"!IA2"Z;DEBZ;EE"@12"DIA2"Z;K\BZ;DK"@12"GIA2"Y;\\BZ;K["@12"DIA2"Y;[Y"@'2"J"p"H;H"
I?2"!IA2"H;!KBH;DK" @12"EIA2"!;EZ" @'2"J"p"Y;\"I?2"EIAP" " !ET"XVR"@ZH"VI?2"TOT6EA" "
!YE;K"@'2"J"p"DGY;E"I?A2"!YK;\2"!HH;!2"!GE;H2"!E!;G"@'2"J"p"E;D"I?A2"!EK;!"@'2"J"p"[;E"I?A2"
!D\;!2" !D[;[2" !DZ;E2" !DY;D2" !![;!2" !!Y;E2" !!Y;K" @'2" J" p" D!;H"I?A2" ZE;G2" G[;\2" DD;HP" !\d"
XVR"@D[D"VI?2"TOT6EA"B!!D;\"@.(:)2"J"p"H;K"I?A;"
"
"
"
(S)–3–(2–chlorobenzyloxy)–N–(1–phenylethyl)thiophene–2–carboxamide (3.18) 
"
3.18;">aT"Rf""p"K;EK"@,(9*$(^(),56"*+()*)(2"G^!AP"#R"@8/61A"EE\!2"EKYD2"D\ZK2"!YG!2"!KYE2"
ZYD"+1B!P" "p"jH[;G"@c"D;YY2"OTVAP"!I"XVR"@EKK"VI?2"TOT6EA" "Z;GG"@'2"J"p"Z;Z"
I?2"!IA2"Z;EG"@''2"J"p"[;K2"!;K"I?2"!IA2"Z;DZBZ;EK"@12"DIA2"Z;DDBZ;DH"@12"!IA2"Z;!DBZ;!\"
@12"HIA2"Y;[E"@'2"J"p"H;H"I?2"!IA2"H;!!BH;DE"@12"EIA2"!;E["@'2"J"p"Y;\"I?2"EIAP"!ET"XVR"
@ZH"VI?2"TOT6EA" "!YK;\2"!HH;K2"!GE;Y2"!EE;[2"!EE;E2"!EK;G2"!EK;K2"!D\;!2"!D[;Z2"!DZ;G2"
!DZ;D2"!DY;D2"!![;D2"!!Y;E2"Z!;E2"G[;\2"DD;Y;"
"
O
DD;K
O
DD;Z
!\!"
"
"
(S)–3–(3–chlorobenzyloxy)–N–(1–phenylethyl)thiophene–2–carboxamide (3.19) 
"
3.19;"1;:;"p"ZH;HBZ\;!"%T"@OTVAP">aT"Rf" "p"K;DD"@,(9*$(^(),56"*+()*)(2"G^!AP"#R"@FM&A"
EG!Z2"E!KE2"D\DD2"!YGK2"!D[D2"ZYY"+1B!P" "p"jZ!;!"@c"D;EE2"OTVAP"!I"XVR"@EKK"
VI?2"TOT6EA" "Z;E\"@'2"J"p"Z;Y"I?2"!IA2"Z;DZBZ;ED"@12"EIA2"Z;DE"@'2"J"p"Z;Y"I?2"!IA2"
Z;!KBZ;D!"@12"YIA2"Y;Z\"@'2"J"p"H;H"I?2"!IA2"H;!H"@J3/$)2"J"p"Z;D"I?2"!IA2"H;KE"@''2"J"p"
!E;E2"!!;E"I?2"DIA2"!;E["@'2"J"p"Y;\"I?2"EIAP"!ET"XVR"@ZH"VI?2"TOT6EA" "!YK;\2"!HG;\2"
!GE;Y2"!EZ;Y2"!EG;\2"!EK;G2"!D\;D2"!D\;!2"!D[;[2"!D[;K2"!DZ;E2"!DY;!2"!DY;K2"!![;D2"!!Y;D2"
ZE;D2"G[;\2"DD;Y;"
"
 
 
(S)–3–(2,4–dichlorobenzyloxy)–N–(1–phenylethyl)thiophene–2–carboxamide (3.20) 
"
3.20;">aT"Rf""p"K;DZ"@,(9*$(^(),56"*+()*)(2"G^!AP"#R"@FM&A"EGD!2"E!KZ2"D\Y!2"!YHY2"!DDZ2"
!K[K""""+1B!P" "p"jHY;G"@c"E;KK2"OTVAP"!I"XVR"@EKK"VI?2"TOT6EA" "Z;E!BZ;EG"
@12"DIA2"Z;DZ"@'2"J"p"H;H"I?2"!IA2"Z;K\BZ;!\"@12"ZIA2"Y;Z\"@'2"J"p"H;H"I?2"!IA2"H;KYBH;!["
@12"EIA2" !;GK" @'2"J"p"Y;\"I?2"EIAP" !ET"XVR"@ZH"VI?2"TOT6EA" " !YK;[2" !HG;Y2" !GE;G2"
!EH;H2"!EG;H2"!E!;[2"!EK;[2"!D\;\2"!D\;!2"![;Z2"!DZ;Y2"!DZ;E2"!DY;D2"!![;E2"!!Y;D2"!!Y;D2"
ZK;Y2"G\;K2"DD;E;"
"
"
O
DE;!
O
DE;[
!\D"
"
 
(S)–3–(4–methoxybenzyloxy)–N–(1–phenylethyl)thiophene–2–carboxamide (3.21) 
"
3.21;">aT"Rf""p"K;!Z"@,(9*$(^(),56"*+()*)(2"G^!AP"#R"@8/61A"EE[E2"E!K!2"D\Y[2"!YE[2"!DHK2"
!KHG""+1B!P" "p"jYH;H"@c"H;EE2"OTVAP"!I"XVR"@EKK"VI?2"TOT6EA" "Z;G\"@'2"J"p"
Z;["I?2"!IA2"Z;DH"@'2"J"p"H;H"I?2"!IA2"Z;!!BZ;DK"@12"HIA2"Z;KGBZ;K\"@12"DIA2"Y;ZZBY;[D"
@12"EIA2"H;!D"@J3/$)2"J"p"Z;D"I?2"!IA2"G;\Z"@''2"J"p"!D;Y2"!K;G"I?2"DIA2"E;ZE"@.2"EIA2"!;EE"
@'2" J" p" Y;["I?2" EIAP" !ET"XVR" @ZH"VI?2"TOT6EA" " !Y!;K2" !YK;!2" !HH;G2" !GE;Y2" !D\;[2"
!D[;\2"!D[;Z2"!DZ;Y2"!DZ;D2"!DY;!2"!!Z;[2"!!Y;G2"!!G;E2"ZE;\2"HH;G2"G[;\2"DD;[;"
"
"
"
3–(benzyloxy)–N–(2,6–difluorobenzyl)thiophene–2–carboxamide (3.22) 
 
#$"*"&%3$'"7%))%1"86*.42"*+/'"3.9"@K;\E"-2"E;\Z"11%6A2"WOT"@K;ZY"-2"E;\Z"11%6A2"*$'"D2YB
'/863%&%7($?56*1/$("3.45" @K;GZ"1a2"E;\Z"11%6A"=*.".3.:($'('"/$"OTV"@!D"1aA;">,("
&(*+)/%$"1/9)3&("=*.".)/&&('"+%$)/$3%3.65"*)"&%%1")(1:(&*)3&("8%&"DD",;"N",5'&%+,6%&/+"
*+/'" .%63)/%$" @DK"1a2" !"VA"=*." *''('" )%" J3($+," ),(" &(*+)/%$;" >,(" %&-*$/+" 6*5(&"=*."
+%66(+)('2"=*.,('"%0(&".*);".%'/31"+,6%&/'("@E"9"DK"1aA2"'&/('"%0(&".%'/31".368*)(2"*$'"
+%$+($)&*)('" 3$'(&" &('3+('" :&(..3&(;" >,(" &(./'3(" =*." :3&/8/('" =/)," 86*.," +%631$"
+,&%1*)%-&*:,5"3./$-"EKc"(),56"*+()*)("/$",(9*$("*."(63($)")%"*88%&'"3.22"@!;!["-2"[EcA"
*."*$"%88B=,/)(".%6/';"
3.22;"1;:;"p"[\;EB\K;!"%T"@OTVAP">aT"@,(9*$(^(),56"*+()*)(2"Z^EA"Rf" "p"K;E[P"#R"@FM&A"
EG!K2"EK[[2"D\\Y2"!YE[2"!DYY2"!KYZ"+1B!P"!I"XVR"@EKK"VI?2"TOT6EA" "Z;HK"@)2"J"p"H;K"
I?2"!IA2"Z;!\BZ;DY"@12"YIA2"Z;KYBZ;!Z"@12"!IA2"Y;Y\BY;Z["@12"EIA2"H;KG"@.2"DIA2"G;HY"@'2"
O
DK;Y
!\E"
J" p" Y;K"I?2" DIAP" !ET"XVR" @ZH"VI?2"TOT6EA" " !Y!;H" @''2" J" p" DGZ;Z2" [;K"I?A2" !Y!;H2"
!HH;G2"!EH;H2"!D\;G"@)2"J"p"!K;D"I?A2"!D\;D2"!D[;[2"!D[;Y2"!DZ;Y2"!!Z;D2"!!Y;G2"!!G;!"@)2"J"p"
!\;G"I?A2"!!!;G"@''2"J"p"!Z;G2"Z;Y"I?A2"ZE;\2"E!;!"@)2"J"p"E;["I?AP"!\d"XVR"@D[D"VI?2"
TOT6EA" B!!H;D"@)2"J"p"Y;E"I?A;"
"
"
"
N–(2,6–difluorobenzyl)–3–hydroxythiophene–2–carboxamide (3.23) 
 
N".%63)/%$"%8"7%&%$")&/7&%1/'("/$"OTV"@E;!["11%62"E;!["1a2"!;K"V"/$"OTVA"=*."*''('"
'&%:=/.(")%"*"+%%6('".%63)/%$"%8"7($?56"(),(&"3.22"@!;KG"-2"D;[\"11%6A"/$"OTV"@!\"1aA;"
>,("&(*+)/%$"1/9)3&("=*.".)/&&('"+%$)/$3%3.65"*)"K"%T"3./$-"*$"/+(e=*)(&"7*),;"N8)(&"E",2"
),(" &(*+)/%$" =*." J3($+,('" 75" *''/$-" .*);" .%'/31" 7/+*&7%$*)(" .%63)/%$" @HK" 1aA;" >,("
%&-*$/+"6*5(&"=*."+%66(+)('"*$'"),("*J3(%3."6*5(&"=*."(9)&*+)('"=/),"OTV"@E"9"EK"1aA;"
>,(" %&-*$/+" 6*5(&." =(&(" +%66(+)('2" +%17/$('2" =*.,('" %0(&" .*);" .%'/31" 7/+*&7%$*)("
.%63)/%$" @E" 9" EK"1aA" 8%66%=('" 75"=*)(&" @E" 9" EK"1aA2" '&/('" %0(&" .%'/31" .368*)(2" *$'"
+%$+($)&*)('" 3$'(&" &('3+('" :&(..3&(;" >,(" &(./'3(" =*." :3&/8/('" ),&%3-," 86*.," +%631$"
+,&%1*)%-&*:,5"3./$-"DKBEKc"(),56"*+()*)("/$",(9*$("*."(63($)")%"*88%&'"),/%:,($%6"3.23"
@K;G\"-2"YEcA"*."=,/)(".%6/';"
3.23;"1;:;"p"!\D;KB!\E;G"%T"@OTVAP">aT"Rf""p"K;EH"@,(9*$(^(),56"*+()*)(2"G^!AP"#R"@FM&A"
EEYY2"D\HY2"DZY[2"!HG\2"!DED2"!KYG"+1B!P"!I"XVR"@EKK"VI?2"TOEbOA" @'2"J"p"
H;G"I?2"!IA2"Z;D\BZ;E\" @12"!IA2"Y;\GBZ;KG" @12"DIA2"Y;Y\" @'2"J"p"H;G"I?2"!IA2"G;YY" @.2"
DIAP"!ET"XVR"@ZH"VI?2"TOEbOA" "!YG;!2"!Y!;["@''2"J"p"DGY;Z2"[;K"I?A2"!H[;K2"!D\;Y"@)2"
J"p"!K;G"I?A2"!D[;Z2"!!\;D2"!!G;!"@)2"J"p"!\;Z"I?A2"!!!;!"@''2"J"p"!Z;Y2"[;D"I?A2"!!K;Z2"
EK;Z"@)2"J"p"G;D"I?AP"!\d"XVR"@D[D"VI?2"TOT6EA" B!!Z;Y"@J3/$)2"J"p"Z;D"I?A;"
"
!\G"
"
"
3–(2,4–dichlorobenzyloxy)–N–(2,6–difluorobenzyl)thiophene–2–carboxamide (3.2) 
 
#$" *" &%3$'" 7%))%1" 86*.42" ),/%:,($BEB%6" 3.23" @K;!H" -2" K;H["11%6A2" D2GB'/+,6%&%7($?56"
+,6%&/'("3.42"@K;!K"1a2"K;ZK"11%6A2"*$'":%)*../31"+*&7%$*)("@K;!D"-2"K;[Z""11%6A"=(&("
.3.:($'('" /$"OVd" @D;\K"1aA;" >,(" &(*+)/%$"1/9)3&("=*." .)/&&('" +%$)/$3%3.65" *$'"=*."
,(*)('" *)" [K" %T;" N8)(&" !\" ,2" =*)(&" @!K" 16A" =*." *''('" )%" ),(" &(*+)/%$" 1/9)3&(;" >,("
J3($+,('" &(*+)/%$"1/9)3&("=*." (9)&*+)('"=/)," (),56" *+()*)(" @E" 9" !K"1aA;" >,(" %&-*$/+"
6*5(&."=(&("+%66(+)('2"+%17/$('2"=*.,('"%0(&".*);".%'/31"+,6%&/'(".%63)/%$"@E"9"!K"1aA2"
'&/('" %0(&" .%'/31" .368*)(2" *$'" +%$+($)&*)('" 3$'(&" &('3+('" :&(..3&(;" >,(" &(./'3(" =*."
:3&/8/('" =/)," 86*.," +%631$" +,&%1*)%-&*:,5" 3./$-" !KB!Hc" (),56" *+()*)(" /$" ,(9*$(" *."
(63($)")%"*88%&'"3.2"@K;DK"-2"[KcA"*."*$"%88"=,/)(".%6/';""
3.2;"1;:;"p"!!E;EB!!H;\"%T"@OTVAP">aT"Rf""p"K;D\"@,(9*$(^(),56"*+()*)(2"Z^EAP"#R"@FM&A"
EGK[2"EK[Z2"D\G[2"!YDZ2"!DHH2"!KYY"+1B!P"!I"XVR"@EKK"VI?2"TOT6EA" "Z;GE"@)2"J"p"H;G"
I?2"!IA2"Z;EHBZ;E["@12"DIA2"Z;DGBZ;EK"@12"!IA2"Z;![BZ;DE"@12"DIA2"Y;Z\BY;[["@12"EIA2"
H;DK"@.2"DIA2"G;YH"@'2"J"p"H;Y"I?2"DIAP"!ET"XVR"@ZH"VI?2"TOT6EA" "!Y!;Y"@''2"J"p"DGZ;Y2"
Z;\"I?A2"!Y!;G2"!HG;[2"!EH;G2"!EG;E2"!E!;\2"!E!;G2"!EK;Y2"!D\;Z" @)2"J"p"!K;E"I?A2"!D\;G2"
!DZ;Y2"!![;K2"!!Y;D2"!!G;!"@)2"J"p"!\;G"I?A2"!!!;H"@''2"J"p"!Z;H2"Z;Z"I?A2"ZK;Y2"E!;E"@)2"J"p"
E;Y"I?AP"!\d"XVR"@D[D"VI?2"TOT6EA" B!!H;D"@)2"J"p"Y;Y"I?A "
"
General Procedure for 3.25–3.32 
"
"
"
#$" *" &%3$'" 7%))%1" 86*.42" ),/%:,($BEB%6" 3.23 @!" (J3/0A2 7($?56" ,*6/'( @!;D" (J3/0A2" *$'"
:%)*../31" +*&7%$*)(" @!;H" (J3/0A" =(&(" .3.:($'('" /$" OVd" @H" 1a" :(&" !" 11%6A;" >,("
!\H"
&(*+)/%$"1/9)3&("=*.".)/&&('"+%$)/$3%3.65"*$'",(*)('")%"[K"%T;"N8)(&"*::&%9/1*)(65"!\",2"
=*)(&"=*."*''(';">,("J3($+,('" &(*+)/%$"1/9)3&("=*."(9)&*+)('"=/),"(),56"*+()*)(;">,("
%&-*$/+"6*5(&."=(&("+%66(+)('2"+%17/$('2"=*.,('"%0(&".*);".%'/31"+,6%&/'(".%63)/%$"@E"9"
!K"1aA2"'&/('"%0(&".%'/31".368*)(2"*$'"+%$+($)&*)('"3$'(&"&('3+('":&(..3&(;">,("&(./'3("
=*.":3&/8/('"3./$-"86*.,"+%631$"+,&%1*)%-&*:,5"=/),"!KB!Hc"(),56"*+()*)("/$",(9*$("*."
(63($);"
 
"
"
3–(2–bromobenzyloxy)–N–(2,6–difluorobenzyl)thiophene–2–carboxamide (3.25) 
"
3.25;">aT"Rf""p"K;!Z"@,(9*$(^(),56"*+()*)(2"G^!AP"#R"@8/61A"EE\\2"EKYZ2"D[YK2"!YGZ2"!DEE2"
!KY["+1B!P"!I"XVR"@EKK"VI?2"TOT6EA" "Z;HH"@''2"J"p"Z;Z2"!;E"I?2"DIA2"Z;EEBZ;EY"@12"
DIA2"Z;DHBZ;EK"@.2"!IA2"Z;!YBZ;DG"@12"DIA2"Y;Z[BY;[Z"@12"EIA2"H;DD"@.2"DIA2"G;YZ"@'2"J"p"
H;Z"I?2"DIAP"!ET"XVR"@ZH"VI?2"TOT6EA" "!Y!;Y"@''2"J"p"DGZ;Z2"[;K"I?A2"!Y!;G2"!HH;K2"
!EG;[2" !EE;!2" !EK;E2" !D\;Y2" !D\;H" @)2" J" p" !K;E" I?A2" !D\;E2" !DZ;\2" !DE;D2" !!Z;Z2" !!Y;E2"
!!G;!"@)2"J"p"!\;E"I?A2"!!!;H"@''2"J"p"!Z;Y2"Z;["I?A2"ZE;E2"E!;D"@)2"J"p"E;Z"I?AP"!\d"XVR"
@D[D"VI?2"TOT6EA" B!!Z;Y"@)2"J"p"Y;Z"I?A "
"
"
"
3–(4–bromobenzyloxy)–N–(2,6–difluorobenzyl)thiophene–2–carboxamide (3.26) 
"
3.26;"1;:;"p"!HY;EB!H[;H"%T"@OTVAP">aT"Rf""p"K;!["@,(9*$(^(),56"*+()*)(2"G^!AP"#R"@8/61A"
EE\G2"EK[Y2"D\EY2"!YEY2"!DEH2"!KYZ"+1B!P"!I"XVR"@EKK"VI?2"TOT6EA" "Z;GH"@'2"J"p"[;E"
I?2"DIA2"Z;EY"@'2"J"p"H;D"I?2"!IA2"Z;DGBZ;D\"@12"!IA2"Z;![BZ;DD"@12"DIA2"Y;[KBY;[["@12"
EIA2"H;K["@.2"DIA2"G;YE"@'2"J"p"H;H"I?2"DIAP"!ET"XVR"@ZH"VI?2"TOT6EA" "!Y!;Y"@''2"J"p"
!\Y"
DGZ;Y2"[;K"I?A2"!Y!;H2"!HH;D2"!EG;H2"!ED;D2"!D\;Y" @t2" t"p"!K;!"I?A2"!D\;H2"!D\;G2"!DD;[2"
!!Z;Y2"!!Y;D2"!!G;K"@)2"J"p"!\;E"I?A2"!!!;H"@''2"J"p"!Z;Y2"Z;Z"I?A2"ZE;D2"E!;E"@)2"t"p"E;Z"
I?AP"!\d"XVR"@D[D"VI?2"TOT6EA" B!!H;D"@)2"J"p"Y;Z"I?A;"
"
"
"
N–(2,6–difluorobenzyl)–3–(2–fluorobenzyloxy)thiophene–2–carboxamide (3.27) 
"
3.27;"1;:;"p"!KE;\B!KY;!"%T"@OTVAP">aT"Rf""p"K;!\"@,(9*$(^(),56"*+()*)(2"G^!AP"#R"@FM&A"
EGK!2"EK\Y2"D\GG2"!YGZ2"!DEE2"!KYZ"+1B!P"!I"XVR"@EKK"VI?2"TOT6EA" "Z;HH"@)2"J"p"H;K"
I?2"!IA2"Z;E!BZ;E\"@12"EIA2"Z;!YBZ;DY"@12"!IA2"Z;KEBZ;!G"@12"DIA2"Y;\K"@'2"J"p"H;\"I?2"
!IA2" Y;Z\BY;[Z" @12" DIA2" H;DD" @.2" DIA2" G;YY" @'2" J" p" Y;K"I?2" DIAP" !ET"XVR" @ZH"VI?2"
TOT6EA" "!Y!;Z"@''2"J"p"DGZ;[2"[;K"I?A2"!YK;["@'2"J"p"DGY;Z"I?A2"!Y!;H2"!HH;!2"!EK;["@'2"J"
p"[;E"I?A2"!EK;!" @'2"J"p"E;H"I?A2"!D\;H" @)2"J"p"!K;G"I?A2"!D\;E2"!DG;Y" @'2"J"p"E;["I?A2"
!DD;Z"@'2"J"p"!G;E"I?A2"!!Z;\2"!!Y;E2"!!H;["@'2"J"p"D!;!"I?A2"!!G;D"@)2"J"p"!\;G"I?A2"!!!;H"
@''2"J"p"!Z;H2"Z;Y"I?A2"YZ;["@'2"J"p"G;!"I?A2"E!;D"@)2"J"p"E;Y"I?AP" !\d"XVR"@D[D"VI?2"
TOT6EA" "B!!H;D"@)2"J"p"Y;H"I?A2"B!![;Y"@J2"J"p"Z;["I?A;"
"
"
"
N–(2,6–difluorobenzyl)–3–(4–fluorobenzyloxy)thiophene–2–carboxamide (3.28) 
"
3.28;"1;:;"p"!KG;GB!KH;D"%T"@OTVAP">aT"@,(9*$(^(),56"*+()*)(2"G^!A"Rf""p"K;DKP"#R"@FM&A"
EGKG2"E!KZ2"EKED2"!YGH2"!DEE2"!KYZ"+1B!P"!I"XVR"@EKK"VI?2"TOT6EA" ""Z;HH"@)2"J"p"H;K"
I?2"!IA2"Z;E!BZ;E\"@12"EIA2"Z;!YBZ;DY"@12"!IA2"Z;KEBZ;!G"@12"DIA2"Y;\K"@'2"J"p"H;\"I?2"
!IA2" Y;Z\BY;[Z" @12" DIA2" H;DD" @.2" DIA2" G;YY" @'2" J" p" Y;K"I?2" DIAP" !ET"XVR" @ZH"VI?2"
TOT6EA" "!YD;\"@'2"J"p"DGH;\"I?A2"!Y!;Y"@''2"J"p"DGZ;Z2"[;K"I?A2"!Y!;H2"!HH;E2"!E!;G"@'2"J"
!\Z"
p"E;D"I?A2"!D\;\"@'2"J"p"[;E"I?A2"!D\;H"@'2"J"p"!K;D"I?A2"!D\;E2"!!Z;Y2"!!Y;E2"!!H;\"@'2"J"p"
D!;H"I?A2"!!G;!"@)2"J"p"!\;G"I?A2"!!!;H"@''2"J"p"!Z;Y2"Z;["I?A2"ZE;E2"E!;E"@)2"J"p"E;Y"I?AP"
!\d"XVR"@D[D"VI?2"TOT6EA" "B!!!;EB@B!!E;GA"@1A2"B!!H;E"@)2"J"p"Y;H"I?A;"
"
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"
3–(2–chlorobenzyloxy)–N–(2,6–difluorobenzyl)thiophene–2–carboxamide (3.29) 
"
3.29;">aT"Rf""p"K;EK"@,(9*$(^(),56"*+()*)(2"Z^EAP"#R"@8/61A"EGKK2"EK[K2"D\HK2"!YGH2"!DEE2"
!KY["+1B!P"!I"XVR"@EKK"VI?2"TOT6EA" "Z;HY"@)2"J"p"H;E"I?2"!IA2"Z;EDBZ;GK"@12"EIA2"
Z;DKBZ;EK"@12"EIA2"Y;Z[BY;[["@12"EIA2"H;DH"@.2"DIA2"G;YZ"@'2"J"p"H;Z"I?2"DIAP"!ET"XVR"
@ZH"VI?2" TOT6EA" " !Y!;Y" @''2" J" p" DGZ;[2" [;K"I?A2" !Y!;H2" !HH;!2" !EE;H2" !EE;D2" !EK;!2"
!D\;\2"!D\;Y2"!D\;H"@)2"J"p"!K;E"I?A2"!D\;E2"!DZ;E2"!!Z;Z2"!!Y;E2"!!G;D"@)2"J"p"!\;E"I?A2"
!!!;H"@''2"J"p"!Z;H2"Z;Y"I?A2"Z!;D2"E!;D"@)2"J"p"E;Z"I?AP"!\d"XVR"@D[D"VI?2"TOT6EA" "B
!!H;!"@)2"J"p"Y;Z"I?A;"
"
"
"
3–(3–chlorobenzyloxy)–N–(2,6–difluorobenzyl)thiophene–2–carboxamide (3.30) 
"
3.30;"1;:;"p"\K;HB\D;Z"%T"@OTVAP">aT"Rf" "p"K;DE"@,(9*$(^(),56"*+()*)(2"Z^EAP"#R"@FM&A"
EGKG2"EK[Z2"D[[E2"!YGD2"!DED2"!KZK"+1B!P"!I"XVR"@EKK"VI?2"TOT6EA" "Z;HD"@)2"J"p"H;!"
I?2"!IA2"Z;EKBZ;EH"@12"EIA2"Z;DHBZ;D["@12"!IA2"Z;!HBZ;DD"@12"DIA2"Y;Z\BY;[["@12"EIA2"
H;!!" @.2" DIA2" G;YH" @'2"J" p" H;Z"I?2" DIAP" !ET"XVR" @ZH"VI?2"TOT6EA" " " !Y!;H" @''2"J" p"
DG\;D2"[;!"I?A2"!Y!;G2"!HH;!2"!EZ;H2"!EG;[2"!EK;E2"!D\;Z2"!D\;H" @)2"J"p"!K;E"I?A2"!D\;K2"
!\["
!DZ;\2"!DH;\2"!!Z;Z2"!!Y;D2"!!G;D" @)2"J"p"!\;G"I?A2"!!!;H" @''2"J"p"DH;E2"!K;K"I?A2"ZE;!2"
E!;E"@)2"J"p"E;Z"I?AP"!\d"XVR"@D[D"VI?2"TOT6EA" "B!!H;E"@)2"J"p"Y;Z"I?A;"
"
"
"
3–(4–chlorobenzyloxy)–N–(2,6–difluorobenzyl)thiophene–2–carboxamide 3.31 
 
3.31;"1;:;"p"!GD;\B!GG;E"%TP">aT"Rf""p"K;D\"@,(9*$(^(),56"*+()*)(2"Z^EAP"#R"@FM&A"EE\E2"
EK[Y2"D[H!2"!YEY2"!DEH2"!KY["+1B!P"!I"XVR"@EKK"VI?2"TOT6EA" ""Z;GY"@)2"J"p"H;!"I?2"
!IA2"Z;EG"@'2"J"p"Y;D"I?2"!IA2"Z;![BZ;E!"@12"HIA2"Y;Z\BY;[Z"@12"EIA2"H;K\"@.2"DIA2"G;YE"
@'2"J"p"H;Z"I?2"DIAP"!ET"XVR"@ZH"VI?2"TOT6EA" "!Y!;H"@''2"J"p"DGZ;Z2"[;K"I?A2"!Y!;G2"
!HH;D2"!EG;Y2"!EG;K2"!D\;Y"@)2"J"p"!K;D"I?A2"!D\;E2"!D\;D2"!D\;!2"!!Z;H2"!!Y;D2"!!G;K"@)2"J"p"
!\;G"I?A2"!!!;H"@''2"J"p"!Z;Y2"Z;Z"I?A2"ZE;!2"E!;D"@)2"J"p"E;Y"I?AP"!\d"XVR"@D[D"VI?2"
TOT6EA" "B!!H;D"@)2"J"p"Y;Z"I?A;"
"
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N–(2,6–difluorobenzyl)–3–(4–methoxybenzyloxy)thiophene–2–carboxamide (3.33) 
 
3.33;">aT"Rf""p"K;!["@,(9*$(^(),56"*+()*)(2"G^!AP"#R"@8/61A"EGK!2"E!!K2"D[EZ2"!YE!2"!DGY2"
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!IA2"Z;!YBZ;DD"@12"EIA2"Y;Z\BY;[["@12"HIA2"H;KZ"@.2"DIA2"G;YE"@'2"J"p"H;D"I?2"DIA2"E;[E"
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CHAPTER 4 
 
 
INTRAMOLECULAR DIELS–ALDER REACTIONS USING AN ALDEHYDE 
DIENOPHILE: A NEW SYNTHETIC APPROACH TO THE SYNTHESIS OF 
THE CYTOTOXIC MACROLIDE APICULAREN A 
 
Introduction 
"
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83$-*6"7&%),.;">,(.("+%1:%3$'."/$+63'(".*6/+56/,*6/1/'(2!"),("6%7*)*1/'(.2D"TtB!D2\HK2E"
*$'"),("%9/1/'/$(.;G"N$%),(&"/$)(&(.)/$-"1%6(+36("7(6%$-/$-"8&%1"),(.("+6*.."%8"$*)3&*6"
:&%'3+)."/."*:/+36*&($"N"@Figure 4–1A;"
"
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"
Figure 4–1;"V*+&%.*6/+56/+"N$)/)31%&"X*)3&*6"<&%'3+).;"
DKD"
N:/+36*&($"N"4.9"/."*".*6/+56*)(".)&3+)3&*665"&(6*)('")%".*6/+56/,*6/1/'("4.10;">,/."
1%6(+36(" =*." /.%6*)('" *$'" /'($)/8/('" '3&/$-" *" .+&(($/$-" %8" 0*&/%3." .)&*/$." %8" ),("
159%7*+)(&/*6"-($3."Chondromyces @/;(;"C. apiculatus,"C. lanuginosus, C. pediculatus, 
*$'"C. robustusA"8%&"7/%6%-/+*665"*+)/0("1()*7%6/)(."/$"!\\["75"t*$.($"*$'"+%B=%&4(&.;H"
L%1(" 3$3.3*6" .)&3+)3&*6" 8(*)3&(." %8" ),/."1%6(+36(" /$+63'(" *"1*+&%+56/+" .*6/+56*)(" (.)(&"
+%&(" .4(6()%$2" *$" (17(''('" transB)()&*,5'&%:5&*$" &/$-2" *$'" *" '%3765" 3$.*)3&*)('"
*+56($*1/$("1%/()5;" M/%.5$),()/+" .)3'/(." .,%=('" ),*)" *:/+36*&($"N" /." *+()*)(B'(&/0('"
(9+(:)" 8%&" TB!Z" =,/+," +%1(." 8&%1" -65+/$(" *$'" TB![" *$'" TBDH" =,/+," +%1(." 8&%1"
1(),/%$/$(;Y"
"
"
"
Figure 4–2."L)&3+)3&(."%8"N:/+36*&($"N"4.9"*$'"L*6/+5,*6/1/'("4.10;"
"
N:/+36*&($" N" .,%=('" $%" *$)/1/+&%7/*6" *+)/0/)5" ,%=(0(&" /)" (9,/7/)." :%)($)"
+5)%)%9/+" *+)/0/)5" *-*/$.)" .(0(&*6" ,31*$" +*$+(&" +(66" 6/$(." /$+63'/$-" ),(" 136)/B'&3-"
&(./.)*$)" 6/$("FMBl#;" >,(" #THK" 0*63(." %8"4.9" &*$-(" 7()=(($" K;E" )%" E;K" $-e1a" *$'" *&("
.311*&/?('"/$"Table 4–1;H"
"
"
"
"
"
"
"
"
"
"
DKE"
Cell Line Origin IC50 (ng/mL) 
FMBEB!" +(&0/9"+*&+/$%1*" !;K"
FMBl!" +(&0/9"+*&+/$%1*" K;G"
FBHYD" +,&%$/+"15(6%-($%3."6(34(1/* D;K"
IaBYK" *+3)("15(6%/'"6(34(1/*" E;K"
SB\EZ" ,/.)%+5)/+"+*&+/$%1*" !;H"
NBG\[" 4/'$(5"+*&+/$%1*" K;E"
NBHG\" 63$-"+*&+/$%1*" K;!"
<TBE" :&%.)*)("+*&+/$%1*" K;H"
LFBblBE" %0*&/*$"+*&+/$%1*" !;H"
Table 4–1."T5)%.)*)/+"W88(+)."%8"N:/+36*&($"N"%$"I31*$"T(66"a/$(.;"
"
W9:6%&*)/%$" %8" ),("1%'(" %8" *+)/%$" %8" ),/." +%1:%3$'" ),*)" *:/+36*&($"N" /$'3+('"
$/)&/)(" @XbA" :&%'3+)/%$"=,/+," /$'3+('" *:%:)%./.Z" /$"1%3.(" 6(34*(1/+"1%$%+5+)(" +(66"
6/$("RN]"DYG;Z[;"N:/+36*&($"N"/$'3+(."*:%:)%./."/$",31*$":&%15(%+5)/+"6(34(1/*"+(66"
6/$("IaBYK"*."=(66;\">,("$*)3&*6":&%'3+)"*6.%" /$'3+('"+(66"'(*)," /$"IVZ"+(66." ),&%3-,"
&(-36*)/$-" ),("d*." 6/-*$'"*$'"'/.&3:)/$-" "1/+&%)3736(."=/),"'%=$B&(-36*)/%$"%8" )3736/$"
6(0(6;"L3+,"*"1(+,*$/.1"/$'/+*)(."),*)"/)"+*$"*6.%"7("*":&%1/./$-"1/+&%)3736(")*&-()/$-"
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N6?,(/1(&U." '/.(*.(2" +*&'/%0*.+36*&" '/.%&'(&.2" %.)(%:%&%./.2" *$'" +*$+(&;!EB!H" >,("
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+(66." @MNWT.A" /$" *" '%.(B'(:($'($)"1*$$(&;" N:/+36*&($"N" .,%=('" /$,/7/)/%$" %8" 7*./+"
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MNWT."=,/+," '(1%$.)&*)(."4.9" *." *" $%0(6" *$)/*$-/%-($/+" *-($)" *$'"1*5" .3::&(.." ),("
-&%=)," %8" )31%&." ),&%3-," /$,/7/)/%$" %8" $(%0*.+36*&/?*)/%$;!Z"M(+*3.(" %8" .3+," *1*?/$-"
7/%6%-/+*6"*+)/0/)52".(0(&*6".5$),()/+"*:/+36*&($"N"*$*6%-3(.",*0("*6.%"7(($".37C(+)('")%"
7/%6%-/+*6"(0*63*)/%$;![BD!"
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Scheme 4–2a Nicolaou’s Total Synthesis of Apicularen A 
 
 
 
aReagents and conditions: (a) (–)–Ipc2Ballyl, Et2O, –100 oC, 2 h (b) TESOTf, 2,6–
lutidine, DCM, 25 oC, 3 h, 58% over 2 steps (c) i. O3, DCM, –78 oC, 1 h ii. Me2S, 25 oC 
iii. PPh3, 1 h (d) (Ipc)2B'allyl, Et2O, –100 oC, 2 h (e) HCl, 4 h, 59% over 3 steps (f) i. O3, 
DCM, –78 oC, 1 h ii. PPh3, 1 h (g) Ac2O, pyridine, 25 oC, 1 h, 83% over 2 steps (h) 4.19, 
BF3·Et2O, CH3CN, 0 oC, 1 h, 97%. 
 
Several other research groups have employed trans–annular etherification as a 
synthetic strategy for the formation of the pyran ring including reports from Maier,20,24 
O’Doherty,34 and Tae.35 Maier’s approach used a cross–coupling reaction of the triflate 
4.22 with stannane 4.23 that furnished salicylate 4.24. Hydrolysis of the acetal and ester 
functionalities gave the dihydroxy acid 4.25. Macrolactonization of 4.25 was achieved by 
converting the acid to an ethoxyvinyl ester followed by the addition of camphorsulfonic 
acid (CSA). Treatment of the lactone 4.26 with mercuric trifluoroacetate followed by 
reductive demercuration resulted to the formation of the trans–pyran 4.27 which was 
used to complete the synthesis of 4.9.20,24 
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Intramolecular Diels–Alder Reaction using Aldehyde Dienophile 
 
>,(" /$)(&1%6(+36*&" O/(6.BN6'(&" &(*+)/%$" /." :%=(&836" )%%6" /$" .5$),(./.;YK" >,("
0*&/*)/%$." %$" ),(" +%$'/)/%$." %8" ),/." &(*+)/%$" 6('" )%" ),(" '/.+%0(&5" %8" $31(&%3." ,()(&%"
O/(6.BN6'(&"&(*+)/%$.;Y!">,("8/&.)"/$)&*1%6(+36*&"O/(6.BN6'(&"&(*+)/%$"=*."'%+31($)('"/$"
!\HE2" ,%=(0(&" /)" =*." $%)" 3$)/6" !\ZK." ),*)" ),(" &(*+)/%$." 3.(" 7(+*1(" +%11%$" /$" ),("
6/)(&*)3&(;YD">,("/$)&*1%6(+36*&"O/(6.BN6'(&"&(*+)/%$",*.".(0(&*6"*'0*$)*-(."+%1:*&('")%"
/)." /$)(&1%6(+36*&" +%3$)(&:*&);" >,(" &(*+)/%$" /$0%60(." ),(" 8%&1*)/%$" %8" )=%" &/$-."
./136)*$(%3.65"=,(&(" ),(" ./?(" %8" %$(" %8" ),(" &/$-." +*$" 7(" 0*&/(';" #$" *''/)/%$2" ./$+(" ),("
D!Y"
&(*+)/0("1%/()/(." *&(" :*&)" %8" ),(" .*1("1%6(+36(2" ),(" &(*+)/%$" /."1%&(" %&'(&('" ),*$" ),("
/$)(&1%6(+36*&"&(*+)/%$"*$'"%8)($",*."6%=(&"*+)/0*)/%$"($(&-/(."6(*'/$-")%"1/6'(&"&(*+)/%$"
+%$'/)/%$.;"N6.%2" 7(+*3.(" %8" ),(" +%$.)&*/$)." %$" ),(" &(*+)/%$" /1:%.('" 75" ),(" )(),(&2" ),("
&(*+)/%$"%8)($"-/0(."(9+(66($)".)(&(%.(6(+)/0/)5;YE"
"
"
"
Figure 4–5."#$)&*1%6(+36*&"O/(6.BN6'(&"R(*+)/%$;"
"
L/1/6*&652" ,()(&%"O/(6.BN6'(&" &(*+)/%$" 3./$-" *$" *6'(,5'(" *." '/($%:,/6(" @Figure 
4–6A"%$65":&%0('")%"7("3.(836"5(*&."*8)(&"/)."'/.+%0(&5;"Q(&.,*1"*$'"L)(*'1*$"&(:%&)('"
),(" 3.(" %8" 8%&1*6'(,5'(" *." '/($%:,/6(" 3$'(&" ),(&1*6" +%$'/)/%$." /$" !\H!;"a*)(&" .)3'/(."
.,%=('" *+)/0*)/%$" %8" ),(" *6'(,5'(" =/)," *" .)&%$-" (6(+)&%$" =/),'&*=/$-" -&%3:" =*."
$(+(..*&5"8%&"-%%'"5/(6'.;"O*$/.,(8.45"(0*63*)('"0*&/%3."'/($(.2"*6'(,5'(.2"*$'"+*)*65.)."
),*)"*66%=('"),("+%$)&%6"%8"),(".)(&(%+,(1/+*6"%3)+%1("%8"),("&(*+)/%$;">,(.("*6.%"6('"),("
3.("%8"1/6'(&"+%$'/)/%$."%8"),("&(*+)/%$Y!"=,/+,"=(&("0*63*76(")%"),(".5$),(.(."%8"$*)3&*6"
:&%'3+).;"
"
"
Figure 4–6."I()(&%BO/(6."N6'(&"R(*+)/%$"S./$-"N6'(,5'("*."O/($%:,/6(;"
"
>,3." 8*&2" ),(" +%17/$*)/%$" %8" ),(.(" )=%" )5:(." %8" O/(6.BN6'(&" &(*+)/%$.2" ),("
/$)&*1%6(+36*&"O/(6.BN6'(&" &(*+)/%$"*$'",()(&%"O/(6.BN6'(&" &(*+)/%$"3./$-"*$"*6'(,5'("
*."),("'/($%:,/6("@Figure 4–7A2"*&("&*&("/$"6/)(&*)3&(;"
"
D!Z"
"
"
Figure 4–7. >,(" #$)&*1%6(+36*&" I()(&%BO/(6." N6'(&" R(*+)/%$" S./$-" N6'(,5'(" *."
O/($%:,/6(;"
"
b::%6?(&"&(:%&)('"),("8/&.)"/$)&*1%6(+36*&"O/(6.BN6'(&"&(*+)/%$"=/),"*$"*6'(,5'("
'/($%:,/6(" /$" !\ZD;G[" >,(" +5+6%73)*$(" @4.76A" =*." ,(*)('" /$" 7&%1%7($?($(" 8%&" DE" ,2"
=,(&(" ),(" +5+6%73)*$(" &/$-" %:($." 3:" )%" +&(*)(" ,/-,65" &(*+)/0(" '/($(" 4.77; >,( 
.:%$)*$(%3."O/(6.BN6'(&"&(*+)/%$"8%&1('"*"1/9)3&("%8"4.78"*$'"4.79;"
Scheme 4–10a" >,(" #$)&*1%6(+36*&" T5+6%*''/)/%$." %8" N6'(,5'(" )%" oB
k3/$%'/1(),*$(."
"
"
"
aR(*-($)."*$'"+%$'/)/%$.^"@*A"<,M&2"!HH"%T2"DHc;"
"
R/-75" 3)/6/?('" ),(" /$)&*1%6(+36*&"O/(6.BN6'(&" &(*+)/%$" %8" *6'(,5'("4.84" 8%&" ),("
8%&1*)/%$" %8" )&/+5+6/+" .5.)(1" 4.85;" >,/." .5.)(1" =*." ),($" 3.('" 8%&" ),(" *..(1765" %8"
-3*/*$%6/'(." 6/4(" @qAB'(,5'&%+%.)3." 6*+)%$(" 4.86" *$'" ),(" .%1(=,*)" 1%&(" ,/-,65"
83$+)/%$*6/?('" @qAB(.)*8/*)/$" 4.87;HGBHH" >,(" .5$),(.(." %8" ),(.(" $*)3&*6" :&%'3+)."
+%11($+('"8&%1"),("*''/)/%$"%8"Q&/-$*&'"&(*-($)"4.81")%")&%:%$("4.80;"R('3+)/%$"%8"),("
4()%$(" @4.82A" 8%66%=('" 75" 1(),56*)/%$" %8" ),(" &(.36)/$-" *6+%,%6" :&%0/'('" 1(),56" (),(&"
4.83; R(1%0*6" %8" ),(" *+()*6" 8%&1('" ),(" *6'(,5'(" 4.84 =,/+," =*." .37C(+)('" )%" a(=/."
*+/'." 6(*'/$-" )%" O/(6.BN6'(&" :&%'3+)" /$" (9+(66($)" 5/(6'." =/)," ),(" +5+6%:($)*$(" &/$-"
,*0/$-" *$" (9+63./0(65" cisB+%$8%&1*)/%$;" >,(" O/(6.BN6'(&" &(*+)/%$" (.)*76/.,('"
.)(&(%+($)(&." %$" )=%" *''/)/%$*6" +*&7%$." *)%12" .())/$-" *" )%)*6" %8" G" .)(&(%+($)(&." /$" %$("
D!["
.)(:;" L(0(&*6" a(=/." *+/'." +*)*65?('" ),/." &(*+)/%$P" ,%=(0(&2" MdE;bW)D" =*." ),(" 1%.)"
(88/+/($)" :&%1%)(&;" L3&:&/./$-652" )&(*)1($)" %8" *+()*6" 4.83" =/)," HKc" *J3(%3."
)&/863%&%*+()/+"*+/'"@>dNA"*)"*17/($)")(1:(&*)3&("-*0("4.85 /$"5/(6'."+%1:*&*76(")%"),("
%&/-/$*6" )=%B.)(:" .(J3($+(;">,(" +5+6/+" (),(&"4.85"=*." ),($" +%$0(&)('" )%" ),("4.86 %0(& 
.(0(&*6" .)(:.;" >&(*)1($)" %8" 4.86 =/)," MdE;bW)D" /$" 7($?($(" 8%66%=('" 75" &(-/%B" *$'"
.)(&(%.(6(+)/0("(:%9/'*)/%$")%":&%0/'("4.87;"
"
Scheme 4–11a R/-75U." >%)*6" L5$),(./." %8" Q3*/*$%6/'(.^" @qABO(,5'&%+%.)3."
a*+)%$("4.86"*$'"@qABW.)*8/*)/$"4.87 
"
"
"
aR(*-($)." *$'" +%$'/)/%$.^" @*A" >Id2" K" %T2" \Yc" @7A" X*MIG2" W)bI2" K" %T2" @+A" TIE#2"
X*I2">Id2"K"%T2"[Dc"%0(&"D".)(:."@'A"Hc"*J">dN2"*+()%$("@(A"MdEÄbW)D2"OTV2"K"%T2"
\Dc"@8A"HKc"*J">dN2"OTV2"ZZc"@-A"MdEÄbW)D2"OTV2"K"%T2"E","@,A"mBT<MN2"OTV2"K"
%T2"D;H",2"EHc"%0(&"D".)(:.;"
"
D!\"
V%&("&(+($)652"L$/'(&"*$'"+%B=%&4(&."3.('"),/."1(),%'%6%-5"8%&"),(".5$),(./."%8"
@qAB'(%%95:($%.)*)/$" N" 4.88" =,/+," =*." 3.('" *." *" 1%'(6" .5.)(1" 8%&" ),(" .5$),(./." %8"
:($%.)*)/$."N"4.89"*$'"M"4.90;HZBH["
"
"
"
Figure 4–8;"@qABO(%%95:($%.)*)/$"N"4.882"<($%.)*)/$"N"4.89"*$'"M"4.90;"
"
>&(*)1($)" %8" ),(" (:%95+5+6%:($)*$("4.91" =/)," <,E<pTID" 8%66%=('" 75" &(*+)/%$"
=/),"'/($*6"4.92":&%0/'('")&/($%6"4.93;">&/($%6"4.93"=*."+%$0(&)('")%":*&)/*665",5'&*)('"
-65%956*)("4.94" ),&%3-," .(0(&*6" 83$+)/%$*6" -&%3:" /$)(&+%$0(&./%$.;"`7@b>8AEB+*)*65?('"
O/(6.BN6'(&" &(*+)/%$" /$" ),(" :&(.($+(" %8" D2YB'/BtertB73)56:5&/'/$(2"=,/+,"=*." *''('" )%"
:&(0($)" /.%1(&/?*)/%$2" :&%0/'('" *''3+)" 4.95;" R(*+)/%$" %8" 6*+)%$(" 4.95" =/),"
a/TID<b@bV(AD"8%66%=('"75"O(..BV*&)/$":(&/%'/$*$("*$'")&(*)1($)"=/),"X*I"/$">Id"
*88%&'('"+5+6%,(9($%$("4.96;"#.%1(&/?*)/%$"%8"4.96"=/),"FDTbE"/$"V(bI"*88%&'('"4.88"
/$"D[c;"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
DDK"
Scheme 4–12a L$/'(&U.">%)*6"L5$),(./."%8"@qABO(%%95:($%.)*)/$"N"4.88 
"
"
"
aR(*-($)."*$'"+%$'/)/%$.^"@*A"<,E<pTID2">Id2"a/M&2"DH"%T2"!Y","@7A"secBM3a/"),($"
4.92" @+A"M&TIDTbM&2":5&;"@'A"X*#2"*+()%$("@(A"N-XbE2"TIETX"@8A"X*bN+2"OVLb"@-A"
`7@b>8AE2" D2YB'/BtB73)56:5&/'/$(2" TIETX2" OTV2" DH" %T2" ![" ," D!c" 8&%1" 4.93" @,A"
V(<b@bV(AD2"nBM3a/2">Id2"BZ["%T"@/A"O(..BV*&)/$":(&/%'/$*$(2"OTV"@CA"X*I2">Id2"B
EK"%T2"!D",2"HHc"%0(&"E".)(:."@4A"FDTbE2"V(bI2"!D",2"DH"%T2"D[c;"
"
>,/."&(*+)/%$"+*$"7("*::6/('")%"$31(&%3."%),(&".)&3+)3&(."/$"6/)(&*)3&(;"#$"*''/)/%$2"
$%".5.)(1*)/+".)3'5",*."7(($"+%$'3+)('"%$".%1("%8"),(.("1%6(+36(.;">,(&(8%&(2"=("+,%.("
)%"83&),(&"(9:6%&("),/."&(*+)/%$"/$"),("+%$)(9)"%8"$*)3&*6":&%'3+)".5$),(./.;"
"
Results and Discussion 
"
>,(".)*&)/$-":%/$)"8%&"%3&"1*+&%6/'(".5$),(./."=*."),("+%11(&+/*665"*0*/6*76("EB
1(),%95:,($%6"4.97" @Scheme 4–13A;">,/."1%6(+36("=*."+%$0(&)('" )%" /)."+%&&(.:%$'/$-"
7($?%/+"*+/'"'(&/0*)/0("4.99"75".37C(+)/$-">I<"(),(&"4.98")%"*"1()*66*)/%$"&(*+)/%$"=/),"
nB73)566/),/31"@nBM3a/A"/$"'&5"'/(),56"(),(&;"O(:&%)%$*)/%$"%8"4.98"/.".(6(+)/0("8%&"),("DB
:%./)/%$2"),("+%11%$"%&),%B./)(;YG""
DD!"
Scheme 4–13a" L5$),(./."%8"M($?%/+"N+/'"4.99"
"
"
"
aR(*-($)."*$'"+%$'/)/%$.^"@*A"E2GB'/,5'&%BDHB:5&*$2":5&/'/$/31"pB)%63($(.368%$*)(2"
OTV2"&)2"!\",2"ZDc"@7A"i;"nBM3a/"@D"(JA2"W)Db2"K"%T")%"&)2"DG","ii;"TbD iii;"IEbj2"&)2"YYc;"
"
F3,$(&)" *$'" +%B=%&4(&.E\" &(:%&)('" ),*)" 3./$-" %$(" (J3/0*6($)" %8" (),(&" :&%)(+)('"
4.98")%"nBM3a/"=%36'"7("*76(")%"6/),/*)("4.98"=,/+,"),($"+*$"7("3.('")%".5$),(./?("4.99;"
I%=(0(&"=,($"),(.("+%$'/)/%$."=(&("(1:6%5('2"4.99"=*."$%)"8%&1('"L(0(&*6".%63)/%$."
=(&(" (9:6%&('" )%" .%60(" ),/." :&%76(1;" N))(1:)." =(&(" 1*'(" )%" /.%6*)(" 4.1002" ),("
+%&&(.:%$'/$-" (.)(&" '(&/0*)/0(" %8" 4.992" 75" (9)&*+)/$-" ),(" &(*+)/%$" 1/9)3&(" %8" ),(" *&56"
6/),/*)/%$"&(*+)('"=/),".%6/'"TbD"*$'".37C(+)/$-"/)"=/),"1(),56*)/%$P",%=(0(&2"8%&1*)/%$"
%8"4.100"=*."$%)"%7.(&0(';">,/.":&%1:)('"*$"/$0(.)/-*)/%$"/$)%"=,(),(&"*&566/),/31"4.101"
=*." :&%'3+('" 75" J3($+,/$-" ),(" &(*+)/%$" =/)," ODb" )%" 8%&1" ),(" '(3)(&*)('" >I<" (),(&"
4.102;"R(.36).".,%=('"),*)2"/$"%3&",*$'.2"1%&("),*$"*$"(J3/0*6($)"%8"nB73)566/),/31"=*."
$(('('")%"8%&1"4.101;"
"
Scheme 4–14a" oBa/),/*)/%$"R(*+)/%$"%8">I<"W),(&"<&%)(+)('"4.98"
"
"
"
aR(*-($)."*$'"+%$'/)/%$.^"@*A"i;"nBM3a/"@D"(JA2"W)Db2"K"%T")%"&)2"DG","ii;"TbD iii;"IEbj2"
&)"iv;"V(#2"OMS2"OTV2"&)2"DG","@7A"nBM3a/"@!"(JA2"W)Db2"K"%T")%"&)2"DG","@+A"nBM3a/"@D"
(JA2"W)Db2"K"%T")%"&)2"DG","@'A"ODb;"
DDD"
"
"
"
Entry n–BuLi ((J3/0) Solvent t Time Electrophile Note 
!" !;K" W)Db" K"%T")%"&)" DY"," TbD" X%"4.99"8%&1('
D" !;D" W)Db" K"%T")%"&)" ![;H"," TbD" X%"4.99"8%&1('
E" E;K" W)Db" K"%T")%"&)" !["," TbD" 4.99"8%&1('"
G" G;K" W)Db" K"%T")%"&)" !["," ODb" 4.102"8%&1('"
O()(&1/$('"75"XVR"
"
Table 4–2;"" b&),%6/),/*)/%$"%8"4.98;"
"
T,(1%.(6(+)/0("1(),56*)/%$"%8"4.99"=*." *++%1:6/.,('" /$" ,/-,"5/(6'"3./$-"!2[B
'/*?*7/+5+6%nH;G;Ko3$'(+BZB($(" @OMSA"*$'" /%'%1(),*$(;YH">,(":,($%6"4.100"=*." ),($"
+%$0(&)('")%"/).")&/86*)("4.1032"*6.%"/$"*"-%%'"5/(6';"@Scheme 4–15A"
 
Scheme 4–15a" L5$),(./."%8">&/86*)("4.103 
 
aR(*-($)." *$'" +%$'/)/%$.^" @*A"V(#2"OMS2"OTV2" &)2" DG"," 2" [Ec" @7A">8Db2" :5&/'/$(2"
OTV2"DG",2"&)2"[Y"c;"
"
>,(" )&/86*)(" 4.103" =*." +%$0(&)('" )%" *66567($?($(" 4.104" ),&%3-," *" :*66*'/31"
+*)*65?('" +%3:6/$-" =/)," *6656)&/73)56.)*$$*$(;YY" I%=(0(&2" *6),%3-," ),(" &(*+)/%$" =*."
.3++(..8362"/)"&(J3/&('")=%"'*5."*$'":&%0/'('"4.104"/$"*"6%="5/(6'"@!GcA;"L/$+("),("/$/)/*6"
.5$),(./."%8"4.104"-*0("Hc"5/(6'"%0(&B*66"/$"8/0(".)(:.2"*".(+%$'"&%3)("=*."(9:6%&(';""
DDE"
orthoBV()*6*)/%$"%8"1(),%957($?%/+"*+/'.YZBY["+*$"*6.%"7("3.('")%"-/0("4.1062"),("
+*&7%956/+" *+/'" *$*6%-3(" %8"4.104;" W9:6%&/$-" ),/." &%3)(2" DB1(),%957($?%/+" *+/'"4.105"
=*." .37C(+)('" )%" orthoB1()*66*)/%$" 3./$-" secB73)566/),/31" *)" 6%=" )(1:(&*)3&(;" >,("
&(.36)/$-"7/.6/),/31"*$/%$"=*."J3($+,('"=/)," *66567&%1/'(" )%"5/(6'"4.106;" @Scheme 4–
16A" >,/." &%3)(2" =,/6(" 1%&(" '/&(+)2" *6.%" &(.36)('" /$" 6%=" 5/(6'." @!EcA" +%1:*&('" )%" ),("
6/)(&*)3&(" @GKBHKcA;" #$" *''/)/%$2" ),(" &(*+)/%$" :&%0('" +,*66($-/$-" /$" ),*)" 3./$-" ),/."
1(),%'%6%-5" &(J3/&('" 3.(" %8" *" 1(+,*$/+*6" .)/&&(&" *)" 0(&5" 6%=" )(1:(&*)3&(" 3$'(&" /$(&)"
*)1%.:,(&("=/),"),(".%63)/%$"8&((?(."*)"B\K"%T"=,/+,"/$)(&8(&('"=/),".)/&&/$-;""
 
Scheme 4–16a" L5$),(./."%8"N6656"W.)(&"4.104"*$'"N665"N+/'"4.106"
"
 
"
aR(*-($)." *$'" +%$'/)/%$.^" @*A" *6656)&/73)56)/$2"a/T62" <'@<<,EAG2" D2YB'/BtertB73)56BGB
1(),56:,($%62" !2GB'/%9*$(2" &(86392" G[" ,2" !Gc" @7A" secBM3a/2" >VWON2" *66567&%1/'(2"
>Id2"B\K"%T")%"&)2"!Ec;"
"
M(+*3.(" %8" ),(.(" /..3(.2" ),(" (88(+)/0(" '/&(+)%&" :&%:(&)5" 8%&" orthoB6/),/*)/%$" %8"
)(&)/*&5"*1/'(Y\"=*."(9:6%&('" )%" .5$),(./?("4.1082" *" )(&)/*&5"*1/'("'(&/0*)/0("%8"4.106. 
>,(" *+/'" 4.105" =*." +%$0(&)('" )%" /)." +%&&(.:%$'/$-" '/(),56*1/'(" 4.107" 3./$-" ),/%$56"
+,6%&/'("*$'"'/(),56*1/$(;ZK">,("*1/'("=*."),($".37C(+)('")%"orthoB6/),/*)/%$"3./$-"secB
M3a/"*$'">VWON"/$"),(":&(.($+("%8"T3TXBa/T6"+%1:6(9"8%66%=('"75"J3($+,/$-"=/),"
*6656"7&%1/'(")%"8%&1"*6656"*1/'("4.108 /$"G\c"%0(&"D".)(:.;"
 
 
DDG"
Scheme 4–17a" L5$),(./."%8"N6656"O/(),56*1/'("4.108"
"
 
"
aR(*-($)."*$'"+%$'/)/%$.^"@*A"LbT6D2"TIT6E2"&(86392"DG","ii;"W)DXI2"DG",2"\Ec"@7A"i;"
secBM3a/2">VWON2">Id2"BZ["%T2"EK"1/$"ii;"T3TXBa/T62">Id2"BZ["%T2"GH"1/$"iii;"*6656"
7&%1/'(2">Id2"BZ["%T")%"&)2"G",2"HEc;"
"
L(0(&*6"%9/'*)/0("+6(*0*-(":&%+('3&(.Z!BZE"@Table 4–3A"=(&("(9:6%&('")%"+%$0(&)"
*6656"*+/'"4.106"*$'"*6656"'/(),56*1/'("4.108" )%" ),(/&"+%&&(.:%$'/$-"*6'(,5'(."4.68"*$'"
4.1092" &(.:(+)/0(65;"I%=(0(&2" $%$("%8" ),(" +6(*0*-(" &(*+)/%$."=(&(" .3++(..836" *$'"%$65"
&(.36)('"/$"8%&1*)/%$"%8"+%1:6(9"1/9)3&(;"
"
"
Entry R Reaction Conditions 
!" bI" b.bG2"X*#bG2"D2YB63)/'/$(2"'/%9*$(eIDb"
D" bI" *;A"b.bG2"W)DbeIDb"7;A"X*#bG"
E" bI" *;A"XVb2"b.bG2"*+()%$("7;A"X*#bG2"IDb"
G" XW)D"
*;A"XVb2"b.bG2"*+()%$("
7;A"X*#bG2"IDb"
H" XW)D"
*;A"XVb2"b.bG2"*+()%$("
7;A"<7@bN+AG2"IDb"
"
Table 4–3." b9/'*)/0(" T6(*0*-(" %8" N6656" N+/'" 4.106" *$'" N6656"
O/(),56*1/'("4.108;"
 
>,/." :&%1:)('" 3." )%" /$0(.)/-*)("=,(),(&" ),(" 8%&1*)/%$" %8" ),(" /$)(&1('/*)(" '/%6"
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Reactions: W9+(:)"*."%),(&=/.("$%)('2"&(*+)/%$."=(&("+*&&/('"%3)"3$'(&"*&-%$"*)1%.:,(&("
/$" *$" %0($B" %&" 86*1(B'&/('" -6*..=*&(.;" d6*.4." =(&(" 86*1(" '&/('" 3$'(&" *" .)&(*1" %8"
$/)&%-($" %&" *&-%$" %&" 3$'(&" 0*+331;" <5&/'/$(" *$'" )&/(),56*1/$(" =(&(" '/.)/66('" 8&%1"
+*6+/31",5'&/'("=,/6("!2GB"'/%9*$("=*."'/.)/66('" 8&%1".%'/31;"R(*+)/%$".%60($)."=(&("
'&/('" 75" *" .%60($)" :3&/8/+*)/%$" *::*&*)3." @7($?($(2" '/+,6%&%1(),*$(" @OTVA2"
)()&*,5'&%83&*$"@>IdA2"*$'"'/(),56(),(&"3./$-"*631/$*"*."),("'&5/$-"*-($);"nBM3a/"@D;H"
V" /$" +5+6%,(9*$(A" *$'" secBM3a/" @!;G" V" /$" +5+6%,(9*$(A" =(&(" )/)&*)('" :&/%&" )%" 3.("
*++%&'/$-")%"),(":&%+('3&("&(:%&)('"/$"6/)(&*)3&(;[D"N66"%),(&"&(*-($)."=(&("&(*-($)"-&*'("
*$'"=(&(":3&/8/('"*."$(+(..*&5;" 
 
Methods: N$*65)/+*6" ),/$" 6*5(&" +,&%1*)%-&*:,5" @>aTA" =*." :(&8%&1('" 3./$-" DHK" 1"
+%11(&+/*6"./6/+*"-(6":6*)(."@WVO"T,(1/+*6.2"./6/+*"-(6"YK"dDHGA"*$'"0/.3*6/?('"75"Sl"
/6631/$*)/%$" %&" 75" (9:%.3&(" )%" :%)*../31" :(&1*$-*$*)(" %&" pB*$/.*6'(,5'(" .%63)/%$"
8%66%=('" 75" ,(*)/$-" 3./$-" *" ,(*)" -3$;" d6*.," +,&%1*)%-&*:,5" =*." +*&&/('" 3./$-"
+%11(&+/*665"*0*/6*76("GKBYK" 1"./6/+*"-(6"@L/6/+5+6(A;"
"
DEY"
Identity:" V(6)/$-" :%/$)." =(&(" &(+%&'('" 3./$-" *$" W6(+)&%),(&1*6Å" V(6)/$-" <%/$)"
N::*&*)3." /$"%:($"+*:/66*&/(."*$'"*&("3$+%&&(+)(';" #$8&*&('".:(+)&*"=(&("%7)*/$('"3./$-"
>,(&1%" X/+%6()" #R!KK" *$'" #RDKK" .:(+)&%1()(&.;" <&%)%$" *$'" +*&7%$" $3+6(*&" 1*-$()/+"
&(.%$*$+(" @!I" *$'" !ET" XVRA" =(&(" &(+%&'('" 3./$-" M&34(&" O<_BEKK" .:(+)&%1()(&;"
T,(1/+*6".,/8)."*&("&(:%&)('"/$"'(6)*"@ A"3$/).2"'%=$8/(6'"8&%1")()&*1(),56./6*$("@>VLA"
=/),"&(8(&($+(")%"),("TOT6E".%60($)"./-$*6"@!I2"Z;DYP"!ET2"ZZ;DEA"T%3:6/$-"+%$.)*$)."*&("
&(:%&)('"/$"I(&)?"@I?A;"W6(+)&%$"/1:*+)"*$'",/-,B&(.%63)/%$"1*..".:(+)&*"=(&("%7)*/$('"
8&%1"*"M&34(&"!D"N<W_Bk("d>#TRBVL"/$.)&31($)"=/),"*$"N:%66%"##"/%$".%3&+("/$"),("
T%66(-(" %8" L+/($+(" V*C%&" #$.)&31($)*)/%$" @TbLV#TA" *)" b6'" O%1/$/%$" S$/0(&./)5" *)"
X%&),8%642"lN"DEHD\;"
"
Experimental 
"
"
 
1–Methoxy–3–tetrahydropyran–2–yloxybenzene (4.98). 
 
Lit;"Ref;"^"" i*+,*&/(2"M;P"N))*&'%2"Q;P"M*&&/*36)"M;P" <($$(5"T;"J; Chem; Soc; Perkin 
Trans; 19972"12"D\DHBD\D\;"
"
>%" *" .%63)/%$" %8" EB1(),%95:,($%6" 4.97" @!H;KK" -2" !DK;[" 11%6A" *$'" :5&/'/$/31" pB
)%63($(.368%$*)(" @\;![" -2" G[;E"11%6A" /$" OTV" @!EK"1aA2" E2GB'/,5'&%BDHB:5&*$" 4.97"
@!!;!Z" -2" !ED;[" 11%6A" =*." *''('" '&%:=/.(;" >,(" &(*+)/%$" 1/9)3&(" =*." .)/&&('"
+%$)/$3%3.65"*)"&%%1")(1:(&*)3&("%0(&$/-,);">,(".%60($)"=*."&(1%0('"3$'(&"vacuo"*$'"
),("&(./'3("=*.":*&)/)/%$('"7()=(($"(),56"*+()*)("@D!K"1aA"*$'"Hc".%'/31"7/+*&7%$*)("
.%63)/%$"@![K"1aA;">,("%&-*$/+"6*5(&"=*."+%66(+)('2"'&/('"%0(&".%'/31".368*)(2"*$'"+%$+'"
3$'(&" &('3+('" :&(..3&(;" <3&/8/+*)/%$" 3./$-" 86*.," +%631$" +,&%1*)%-&*:,5" @HB!Hc"(),56"
*+()*)("/$",(9*$(A"5/(6'('"4.98"*."*"+6(*&"+%6%&6(.."%/6"@![;!E"-2"ZDcA;"
4.98;">aT"Rf ="K;HY"@,(9*$(^(),56"*+()*)(2"G^!AP"#R"@8/61A^"D\GG2"D[ZG2"D[H!2"!DYE2"!!\[2"
!!HD"+1B!P"!I"XVR"@EKK"VI?2"TOT6EA"  Z;!["@)2"J"p"[;!"I?2"!IA2"Y;Y["@''2"J"p"!;H2"K;\"
I?" 2"!IA2"Y;YEBY;YZ"@12"!IA2"Y;HH"@'''2"J"p"[;E2"E;E2"K;Z"I?2"!IA2"H;G!"@)2"!I2"J"p"E;D"
DEZ"
I?2A2"E;\D"@')2"J"p"!!;E2"E;D"I?2"!IA2"E;Z\"@.2"EIA2"E;HZBE;YG"@12"!IA2"!;HHBD;KG"@12"YIAP"
!ET"XVR"@ZH"VI?2"TOT6EA"  !YK;\2"!H[;H2"!D\;G2"!K[;[2"!KZ;G2"!KD;\2"\Y;Y2"YD;D2"HH;G2"
EK;H2"DH;G2"!\;K;"
"
"
"
2–Hydroxy–6–methoxybenzoic acid (4.99). 
 
Lit;"Ref;"^"" F3(,$(&)2"L;"V;P"V*/(&2"V;"W;"Org;"Lett;"20022"42"YGEBYGY;"
"
nBM3)566/),/31"@D;K["V"/$",(9*$(2"HH;HE"1aA"=*."*''('"'&%:=/.(")%"*"+%%6('".%63)/%$"%8"
4.98"/$"'/(),56"(),(&"@DD"1aA"*)"K"%T;">,("&(*+)/%$"1/9)3&("=*.".)/&&('"+%$)/$3%3.65"8%&"
DG","*$'"),($"*66%=('")%"=*&1"3:")%"&%%1")(1:(&*)3&(;">,("&(.36)/$-".%63)/%$"=*."*''('"
)%"+&3.,('"'&5"/+("@E!"-A"3./$-"*".5&/$-("*$'"=*."'/63)('"=/),"'/(),56"(),(&"@!D"1aA;">,("
(9+(.."'&5"/+("=*."*66%=('")%".376/1(;">,(".%63)/%$"=*."(9)&*+)('"=/),"IDb"@E"9"!K"1aA"
*$'"),("*J3(%3."6*5(&"=*."+%66(+)('"*$'"*+/'/8/('"3./$-"+%$+'",5'&%+,6%&/+"*+/'"3$)/6"),("
.%63)/%$U.":I"=*."(J3*6" )%"!;">,(" &(.36)/$-"=,/)(".%6/'"=*."+%66(+)('"*$'"=*.,('"=/),"
+%6'"IDb;">,(".%6/'"=*."*/&"'&/('")%"*88%&'"4.99"*."*$"%88B=,/)(".%6/'"@G;D\"-2"YYcA;"
4.99;" >aT"Rf p" K;DG" @:()&%6(31" (),(&^(),56" *+()*)(2" !^!AP" #R" @FM&A" EGD!2" E!HG2" !Y[\2"
!H[K2"!HK[2"!DG!"+1B!P"!I"XVR"@EKK"VI?2"TOT6EA"  !D;!Z"@.2"!IA2"!!;EE"@7.2"!IA2"Z;GD"
@)2"J"p"[;G"I?2"!IA2"Y;ZE"@')2"J"p"[;H2"K;["I?2"!IA2"Y;HK"@'2"J"p"[;G"I?2"!IA2"G;KZ"@.2"EIAP"
!ET"XVR"@ZH"VI?2"TOT6EA"  !Z!;!2"!YG;E2"!H[;Y2"!EH;[2"!!D;G2"!K!;Y2"!K!;H2"HZ;E;"
"
"
"
Methyl 2–hydroxy–6–methoxybenzoate (4.100). 
 
Lit;"Ref;"^"" F3(,$(&)2"L;"V;P"V*/(&2"V;"W;"Org;"Lett;"20022"42"YGEBYGY;"
"
DBI5'&%95BYB1(),%957($?%/+"*+/' 4.99 @!;KZ"-2"Y;EY"11%6A"=*."'/..%60('"/$">Id"@EG"
1aA;" !2[BO/*?*7/+5+6%nH;G;Ko3$'(+BZB($(" @K;\H"1a2" Y;GK"11%6A" =*." *''('" '&%:=/.("
DE["
8%66%=('" 75" /%'%1(),*$(" @K;E\" 1a2" Y;EY" 11%6A;" >,(" &(*+)/%$" 1/9)3&(" =*." .)/&&('"
+%$)/$3%3.65"*)" &%%1")(1:(&*)3&("8%&"DG",;">,("&(.36)/$-"/%'/'("*1/$(".*6)"=*."8/6)(&('"
%88" *$'" ),(" 8/6)&*)(" =*." +%$+'" 3$'(&" &('3+('" :&(..3&(;" <3&/8/+*)/%$" 75" 86*.," +%631$"
+,&%1*)%-&*:,5"3./$-"DKc"(),56"*+()*)("/$",(9*$("*88%&'('"4.100"*."*"6/-,)"5(66%=".%6/'"
@K;\Y"-2"[EcA;"
4.100;">aT"Rf p"K;ZG" @:()&%6(31"(),(&e(),56" *+()*)(2" !^!AP" #R" @FM&A"EG!H2"EK!!2"D\HY2"
!YHG2"!DH[2"!DEG"+1B!P"!I"XVR"@EKK"VI?2"TOT6EA"  !!;GZ"@.2"!IA2"Z;D["@)2"J"p"[;G"I?2"
!IA2"Y;HY"@''2"J"p"Z;H2"K;\"I?2"!IA2"Y;EZ"@'2"J"p"[;G"I?2"!IA2"E;\!"@.2"EIA2"E;[!"@.2"EIAP"
!ET"XVR"@ZH"VI?2"TOT6EA"  !Z!;Z2"!YE;Z2"!Y!;K2"!EH;!2"!K\;\2"!KE;!2"!KD;Y2"HH;\2"HD;D;"
"
"
"
Methyl 2–methoxy–6–{[trifluoromethyl)sulfonyl]oxy}benzoate @4.103A."
"
Lit;"Ref;"^"" F3(,$(&)2"L;"V;P"V*/(&2"V;"W;"Org;"Lett;"20022"42"YGEBYGY;"
"
>&/863%&%1(),*$(.368%$/+" *$,5'&/'(" @H;KK" -2" !Z;Z" 11%6A" =*." *''('" '&%:=/.(" )%" *"
.%63)/%$"%8"1(),56"DB,5'&%95BYB1(),%957($?%*)( 4.102 @E;DD"-2 !Z;Z"11%6A"/$":5&/'/$("
@HH" 1aA;" >,(" &(*+)/%$" 1/9)3&(" =*." .)/&&('" +%$)/$3%3.65" *)" &%%1" )(1:(&*)3&(;" N8)(&"
*::&%9/1*)(65"DD",2"/)"=*."J3($+,('"=/),"IDb"@!Y!"1aA;"N".%63)/%$"%8"IT6"@![G"1a2"D"
XA"=*."*''('"8%66%=('"75"*+/'/8/+*)/%$"3./$-"+%$+;"IT6"3$)/6"),(".%63)/%$U.":I"&(*+,('"
!;">,("&(*+)/%$"1/9)3&("=*."(9)&*+)('"=/),"(),56"*+()*)("@E"9"!Y!"1aA;">,("%&-*$/+"6*5(&."
=(&("+%66(+)('2"+%17/$('2"=*.,('"=/),".*);"X*ITbE2"*$'"'&/('"%0(&"1*-$(./31".368*)(;"
>,("'&/('"%&-*$/+"6*5(&."=(&("+%$+'"3$'(&"&('3+('":&(..3&("=,/+,"*88%&'('"4.103"*."&('"
%&*$-("%/6"@G;Z["-2"[YcA;"
4.103;">aT"Rf p"K;D\"@,(9*$(^(),56"*+()*)(2"G^!AP"#R"@8/61A"EK!E2"D\HZ2"D[GY2"!Y!E2"!GDH2"
!KZH"+1B!P"!I"XVR"@EKK"VI?2"TOT6EA"  Z;GH"@)2"J"p"[;G"I?2"!IA2"Y;\Z"@'2"J"p"[;!"I?2"
!IA2"Y;\G"@'2"J"p"[;!"I?2"!IA2"E;\G"@.2"EIA2"E;[\"@.2"EIAP"!ET"XVR"@ZH"VI?2"TOT6EA"  
!YE;Z2"!H[;H2"!GZ;K2"!ED;D2"!DK;[2"!!Z;H2"!!E;H2"!!!;H2"HY;Y2"HD;\;"
"
DE\"
"
"
Methyl 2–Allyl–6–methoxybenzoate"@4.104A;""
"
Lit;"Ref;"^"" W+,*0*&&($2"N;"V;P"L)/66(2"t;"F;"J;"Am;"Chem;"Soc;"1987, 1092"HGZ[BHG[Y;"
"
>%" *" .%63)/%$" %8" 4.103" '/..%60('" /$" *" 8&(.,65" '/.)/66('" !2GB'/%9*$(" @D;G!" 1aA2"
*6656)&/73)56)/$"4.154"@K;!Z"1a2"K;HH"11%6(A2"a/T6"@K;KZ"-2"!;H\"11%6(A2"<'@<<,EAG"@K;K!"
-2" K;K!" 11%6(A2" *$'" *" 8(=" +&5.)*6." %8" D2YB'/BtertB73)56BGB1(),56:,($%6" 4.155" =(&("
*''(';">,(".%63)/%$"=*.",(*)('")%"&(8639"8%&"G[",;"N".%63)/%$"%8"Fd DIDb"@K;HG"1a2"K;ZY"
11%6(A"=*."*''('"*$'" ),("&(.36)/$-".%63)/%$"=*.".)/&&('"*)" &%%1")(1:(&*)3&(" 8%&"!Z",;"
>,(" &(*+)/%$" 1/9)3&(" =*." '/63)('" =/)," '/(),56" (),(&" @DK" 1aA;" >,(" %&-*$/+" 6*5(&" =*."
.(:*&*)('" 8&%1" ),("*J3(%3." 6*5(&"*$'"=*.,('"=/),"IDb2"IT6" @!"XA2"*$'".*);" *J;"X*T6;"
>,("%&-*$/+"6*5(&"=*."'&/('"3./$-"1*-$(./31".368*)("*$'"),(".%60($)"=*."&(1%0('"3$'(&"
&('3+('" :&(..3&(;" <3&/8/+*)/%$" 75" 86*.," +%631$" +,&%1*)%-&*:,5" 3./$-" HB!KBDKBHKc"
(),56"*+()*)("/$",(9*$("*88%&'('"4.104"@K;K!G"-2"!GcA"*."*"6/-,)"5(66%="%&*$-("%/6;">,/."
+%1:%3$'",*."7(($".5$),(./?('":&(0/%3.65;[E"
4.104;">aT"Rf p"K;Z\" @:()&%6(31"(),(&^(),56" *+()*)(2" !^!AP" #R" @8/61A"EKZD2"EKKE2"D\HK2"
D[GK2"!ZEE2"!DYH"+1B!P"!I"XVR"@EKK"VI?2"TOT6EA"  Z;EK"@'2"J"p"Z;["I?2"!IA2"Y;Z[B
Y;[G"@12"DIA2"H;[EBH;\Z"@12"!IA2"H;KDBH;K\"@12"DIA2"E;[\"@.2"EIA2"E;[D"@.2"EIA2"E;EH"@')2"
J"p"G;K2"!;E"I?2"DIA;""
"
"
"
"
"
DGK"
"
"
2–Allyl–6methoxybenzoic acid"@4.107);""
"
Lit;"Ref;"^"" `*$-2"F;P"M6*+41*$2"M;P"O/('(&/+,2"];P"d6*,(&)52"<;">;P"V%..1*$2"T;"t;P"
R%52"L;P"N,$2"`;"V;P"Q(%&-2"Q;"#;"J;"Org;"Chem;"20032"682"!KKEKB!KKE\;"
"
#$" *" '&/('" !KK" 1a" ),&((B$(+4" &%3$'" 7%))%1" 86*.4" (J3/::('" =/)," *" ),(&1%1()(&2"
1(+,*$/+*6" .)/&&(&2" *$'" *" '&%::/$-" 83$$(62" N2N2N2NB)()&*1(),56(),56($('/*1/$(" @G;EH"
1a2"D[;["11%6A"=*."'/..%60('"/$">Id"@H;KG"1aA;">,("86*.4"=*."863.,('"=/),"*&-%$"*$'"
+%%6('" )%" B\K" %T" 3./$-" ,(9*$(e6/J3/'"XD" +%6'" 7*),;" secBM3)566/),/31" @secBM3a/A" @DK;Y"
1a2"!;G"V"/$"+5+6%,(9*$(A"=*."*''('"'&%:=/.("1*/$)*/$/$-"*$"/$)(&$*6")(1:(&*)3&("%8"B
\K" %T;" >,(" &(.36)/$-" 5(66%=" .%63)/%$" =*." .)/&&('" 83&),(&" 8%&" EK" 1/$" 7(8%&(" *''/$-" *"
.%63)/%$"%8"DB1(),%957($?%/+"*+/'"4.105"@D;KK"-2"!E;!"11%6A"/$">Id"@Y"1aA"'&%:=/.("
8%&"%0(&"EK"1/$;">,("&(*+)/%$"1/9)3&("=*.".)/&&('"83&),(&"*."/)"=*&1('"3:")%"BZ["%T"3$)/6"
),("+%6%&"%8"),(".%63)/%$")3&$('"%&*$-(;"N6656"7&%1/'("4.156"@G;Y["1a2"HE;Z"11%6A"=*."
*''('"*$'".)/&&('"8%&"*$",%3&"*)"BZ["%T;">,("&(*+)/%$"=*.".)/&&('"+%$)/$3%3.65"8%&"*$%),(&"
EK"1/$"*$'"),($"J3($+,('"=/),"IDb"@DH"1aA;">,("*J3(%3."6*5(&"=*.".(:*&*)('"8&%1"),("
%&-*$/+"6*5(&"*$'"/)"=*."(9)&*+)('"=/),"'/(),56"(),(&"@D"9"!!"1aA;">,("*J3(%3."6*5(&"=*."
+%66(+)('"*$'"*+/'/8/('"=/),"IT6"@Y"X2"!Z"1aA"8%66%=('"75"(9)&*+)/%$"3./$-"OTV"@E"9"!K"
1aA;">,("%&-*$/+"6*5(&"=*."+%66(+)('2"+%17/$('2"*$'"'&/('"%0(&"1*-$(./31".368*)(;">,("
.%60($)" =*." &(1%0('" 3$'(&" vacuo" *$'" =*." :3&/8/('" ),&%3-," 86*.," +%631$"
+,&%1*)%-&*:,5"3./$-"EKBHKc"(),56"*+()*)("/$",(9*$("*88%&'('"4.106 @K;EG"-2"!EcA"*."*"
+6(*&"6/-,)"5(66%="+&5.)*6;"
4.106;">aT"Rf p"K;EK"@,(9*$(^(),56"*+()*)(2"G^!AP"#R"@8/61A"EGDK2"D\YK2"DYHY2"!Y\\2"!D\E2"
!DYH"+1B!P" !I"XVR"@EKK"VI?2"TOT6EA"  !K;HG"@7&%*'2"!IA2"Z;EE"@)2"J"p"[;G"I?2"!IA2"
Y;[["@'2"J"p"Z;H"I?2"!IA2"Y;[G"@'2"J"p"[;G"I?2"!I2A2"H;\Z"@12"!IA2"H;!D"@12"DIA2"E;[["@.2"
EIA2"E;HE"@'2"J"p"Y;Y"I?2"DIAP"!ET"XVR"@ZH"VI?2"TOT6EA"  !ZE;Z2"!HY;\2"!E\;G2"!EY;H2"
!E!;E2"!DD;G2"!DD;E2"!!Y;Y2"!K\;G2"HY;D2"E[;K;"
"
DG!"
"
"
N,N–diethyl–2–methoxybenzamide @4.107A;""
"
>%" *" .%63)/%$" %8"oB*$/./+" *+/'"4.105" @E;KK" -2" !\;Z"11%6A" /$"TIT6E" @!HK"1aA2" ),/%$56"
+,6%&/'(" @E;YK"1a2"G\;E"11%6A"=*."*''('"'&%:=/.(;">,(".%63)/%$"=*.",(*)('" )%" &(8639"
8%&" DG",;">,(" (9+(.."LbT6D"=*." &(1%0('"75"'/.)/66*)/%$;"O/(),56*1/$(" @H;!D"1a2"G\;E"
11%6A"=*."*''('"*$'" ),("&(.36)/$-".%63)/%$"=*.".)/&&('"*)" &%%1")(1:(&*)3&("%0(&$/-,);"
>,("&(*+)/%$"=*."J3($+,('"=/),"*J;"IT6"@DH"1a2"D"VA"*$'"(9)&*+)('"=/),"(),56"*+()*)("@E"
9" HK"1aA;">,(" %&-*$/+" 6*5(&."=(&(" +%17/$('2"=*.,('"=/),"X*bI" @E" 9" HK"1a2" D"VA2"
'&/('" %0(&" .%'/31" .368*)(2" *$'" +%$+'" 3$'(&" &('3+('" :&(..3&(;" <3&/8/+*)/%$" =/)," 86*.,"
+%631$"+,&%1*)%-&*:,5"*88%&'('"4.107"@E;Z\"-2"\EcA"*."*"6/-,)"5(66%="%/6;"
4.107;">aT"Rf p"K;EE"@,(9*$(^(),56"*+()*)(2"!^!AP"!I"XVR"@EKK"VI?2"TOT6EA"  Z;ED"@'J2"
J"p"Z;K2"!;["I?2"!IA2"Z;!["@''2"J"p"Z;G2"!;["I?2"!IA2"Y;\Y"@')2"J"p"Z;H2"K;\"I?2"!IA2"Y;\K"@'2"
J"p"[;E"I?2"!IA2"E;[!"@.2"EIA2"E;HZ"@)2"J"p"H;D"I?2"DIA2"E;!G"@J2"J"p"Z;!"I?2"DIA2"!;DG"@)2"J"
p" Z;!"I?2" EIA2" !;KE" @)2" J" p" Z;!"I?2" EIAP" !ET"XVR" @ZH"VI?2"TOT6EA"  !Y[;\2" !HH;E2"
!EK;K2"!DZ;Y2"!DK;[2"!!!;!2"HH;Y2"GD;\2"E[;\2"!G;!2"!E;K;""
"
"
"
N,N–diethyl–2–allyl–6–methoxybenzamide @4.108A"
"
>%"*".%63)/%$"%8">VWON"@K;GK"1a2"D;YH"11%6A" /$">Id"@!G"1aA"*)"BZ["%T2"secBM3a/"
@K;E!"V" /$" ,(9*$(2" [;HH"1aA"=*." *''(';">,(" .%63)/%$"=*." .)/&&('" +%$)/$3%3.65" 8%&" !K"
1/$" 7(8%&(" *''/$-" *" .%63)/%$" %8" 4.107" @K;HK" -2" D;G!" 11%6A" /$" >Id" @G;!" 1aA;" >,("
&(.36)/$-" '*&4" %&*$-(" .%63)/%$"=*." +%$)/$3%3.65" .)/&&(';" N8)(&" EK"1/$2" T3TX" @K;DG" -2"
D;YH"11%6A"*$'"a/T6"@K;!!"-2"D;YH"11%6A"/$">Id"@G;!"1aA"=(&("*''('"*$'"),(".%63)/%$"
=*." .)/&&('" 8%&" *$%),(&" GH"1/$;"N6656" 7&%1/'("4.156"=*." ),($" *''('"'&%:=/.(" *$'" ),("
&(*+)/%$"1/9)3&("=*."+%%6('"*$'".)/&&('"*)"BZ["%T"8%&"),("$(9)"D",;"N8)(&"D",2"),("&(*+)/%$"
DGD"
1/9)3&("=*."*66%=('")%"=*&1"3:")%"&%%1")(1:(&*)3&("*."/)"=*.".)/&&('"+%$)/$3%3.65"8%&"
*$%),(&"D",;">,("&(*+)/%$"1/9)3&("=*." ),($"J3($+,('"75"*''/$-"IDb"@DK"1aA"*$'"=*."
'/63)('"=/),"'/(),56"(),(&"@EK"1aA;">,("6*5(&."=(&(".(:*&*)('"*$'"),("%&-*$/+"6*5(&"=*."
=*.,('" =/)," .*);" *J;" XIGT6" @E" 9" EK" 1aA" *$'" .*);" *J;" X*T6" @E" 9" EK" 1aA2" '&/('" %0(&"
1*-$(./31" .368*)(" *$'" +%$+'" 3$'(&" &('3+('" :&(..3&(;" d6*.," +%631$" +,&%1*)%-&*:,5"
3./$-"GKBHKBYKc"(),56"*+()*)("/$",(9*$("*88%&'('"4.108"@K;ED"-2"HEcA"*."*"6/-,)"5(66%="
%/6;">,/."+%1:%3$'",*."7(($".5$),(./?('":&(0/%3.65;[G"
4.108;">aT"Rf p"K;E!"@,(9*$(^(),56"*+()*)(2"!^!AP"!I"XVR"@EKK"VI?2"TOT6EA"  Z;DD"@'2"
J"p"[;K"I?2"!IA2"Y;[H"@'2"J"p"Z;Z"I?2"!IA2"Y;ZH"@'2"J"p"[;E"I?2"!IA2"H;[YBH;\\"@12"!IA;"
G;\ZBH;!!"@12"DIA2"E;Z\"@.2"EIA2"E;D[BE;GG"@12"DIA2"E;KKBE;!Z"@12"DIA2"!;DH"@')2"J"p"Z;D2"
K;G"I?2"EIA2"!;KE"@')2"J"p"Z;E2"K;G"I?2"EIA;"
"
"
"
N–(1,1–dimethylethyl)–2–methoxybenzamide @4.111);""
"
>%" *" .%63)/%$" %8"oB*$/./+" *+/'"4.105 @!;KK" -2" Y;HZ"11%6A" /$"TIT6E" @!HK"1aA2" ),/%$56"
+,6%&/'(" @!;DK"1a2"!Y;G"11%6A"=*."*''(';">,(".%63)/%$"=*.",(*)('" )%" &(8639" 8%&"DG",;"
>,("(9+(.."LbT6D"=*."&(1%0('"),&%3-,"'/.)/66*)/%$;"tBM3)56*1/$("@!;ZE"1a2"!Y;G"11%6A"
=*." *''('" *$'" ),(" &(.36)/$-" .%63)/%$" =*." .)/&&('" *)" &%%1" )(1:(&*)3&(" %0(&$/-,);" >,("
&(*+)/%$"=*."J3($+,('"=/),"*J;"IT6" @!K"1a2"D"VA"*$'" ),("1/9)3&("=*."(9)&*+)('"=/),"
(),56"*+()*)("@E"9"HK"1aA;">,("%&-*$/+"6*5(&."=(&("+%17/$('2"=*.,('"=/),"X*bI"@E"9"HK"
1a2" D"VA" *$'"'&/('" %0(&" .%'/31" .368*)(;">,(" '&/('" .%63)/%$"=*." +%$+'"3$'(&" &('3+('"
:&(..3&("*$'":3&/8/('"=/),"86*.,"+%631$"+,&%1*)%-&*:,5")%"*88%&'"4.111"@!;KH"-2"ZZcA"*."
*"6/-,)"5(66%="%/6;"
4.111;" >aT" @,(9*$(^(),56" *+()*)(2" !^!A"Rf = K;ZZP" !I"XVR" @EKK"VI?2"TOT6EA"  [;!["
@''2"J"p"H;\2"!;\"I?2"!IA"2"Z;[E"@7.2"!IA2"Z;G!"@J)2"J"p"[;D2"K;\"I?2"!IA2"Z;KZ"@')2"J"p"Z;E2"
!;K2"K;Y"I?2"!IA2"Y;\H"@'2"J"p"[;E"I?2"!IA2"E;\H"@.2"EIA2"!;GY"@.2"\IA;"
"
DGE"
"
 
tert–Butyldimethylsilyl glycidyl ether (4.157); 
 
>MLT6"@K;HD"-2"E;GD"11%6A"*$'"/1/'*?%6("@K;DY"-2"E;ZY"11%6A"=(&("'/..%60('"/$"OTV"
@!H" 1aA;" >,(" &(.36)/$-" +6%3'5" .%63)/%$" =*." +%%6('" *)" K" %T" 3./$-" *$" /+(eIDb" 7*),;"
Q65+/'%6" 4.157" @K;DH" 1a2" E;ZY" 11%6A" =*." *''('" *$'" ),(" .%63)/%$" =*." .)/&&('"
+%$)/$3%3.65"8%&"!D",;"IDb"@DK"1aA"=*."*''('"*$'"),("*J3(%3."6*5(&"=*.".(:*&*)('"8&%1"
),("%&-*$/+"6*5(&;">,("*J3(%3."6*5(&"=*."(9)&*+)('"=/),"OTV"@E"9"DK"1aA;">,("%&-*$/+"
6*5(&."=(&("+%17/$('2"'&/('"%0(&"X*LbG2"*$'"+%$+'"3$'(&"&('3+('":&(..3&(;"<3&/8/+*)/%$"
3./$-"86*.,"+%631$"+,&%1*)%-&*:,5"*88%&'('"4.158"@K;GE"-2"YZcA"*."*"+%6%&6(.."%/6;">,/."
+%1:%3$'",*."7(($".5$),(./?('":&(0/%3.65;ZZ"
4.158;">aT"Rf p"K;YZ"@,(9*$(^(),56"*+()*)(2"G^!AP"!I"XVR"@EKK"VI?2"TOT6EA"  E;[H"@''2"
J"p"[;Z2"E;D"I?2"!IA2"E;YY"@''2"J"p"Z;!2"G;Z"I?2"!IA2"E;KYBE;!!"@12"!IA2"D;ZY"@''2"J p"G;!2"
!;!"I?2"DIA2"D;YE"@J2"J p"D;Z"I?2"!IA"K;\K"@.2"\IA2"K;K["@.2"YIA; 
"
"
"
4–Benzyloxy–butan–1–ol"@4.118A;""
"
Lit;"Ref;"^"" T&/11/$.2"V;">;P"O(M*/66/(2"N;"T;"J;"Am;"Chem;"Soc;"20062"1282" G\EYB
G\EZ;"
"
>%"*"+%%6('".3.:($./%$"%8"X*I"@YKc2"D;DZ"-2"HY;Z"11%6A" /$">Id"@DKK"1aA"*)"K"%T2"*"
.%63)/%$"%8"!2GB73)*$('/%6"4.117"@DG;\["-2"DZZ;!"11%6A"/$">Id"@\G"1aA"=*."*''(';">,("
&(*+)/%$"1/9)3&("=*.".)/&&('"*)"K"%T"8%&"!K"1/$"*$'"+%$)/$3%3.65".)/&&('"*."/)"=*&1('"3:"
*)"&%%1")(1:(&*)3&(;"N8)(&"D",2"),("&(.36)/$-".%63)/%$"=*."+%%6('"*)"K"%T"3./$-"*$"/+(eIDb"
7*),"7(8%&("*''/$-"*".%63)/%$"%8"7($?56"7&%1/'("@\;G["-2"HH;G"11%6A" /$">Id"@ZG"1aA;"
>,("&(*+)/%$"=*.".)/&&('"*)"K"%T"8%&"!K"1/$"*$'"+%$)/$3%3.65".)/&&('"*."/)"=*&1('"3:"*)"
&%%1")(1:(&*)3&(;"N8)(&"*::&%9/1*)(65"!D",2"),(".%63)/%$"=*."J3($+,('"=/),".*);"XIGT6"
.%63)/%$" @YK"1aA;">,("%&-*$/+" 6*5(&"=*."+%66(+)('"*$'" ),("*J3(%3." 6*5(&"=*."(9)&*+)('"
=/),"(),56"*+()*)("@E"9"!HK"1aA;">,("%&-*$/+"6*5(&."=(&("+%17/$('2"'&/('"%0(&".%'/31"
DGG"
.368*)(2"*$'"+%$+'"3$'(&"vacuo;"<3&/8/+*)/%$"75"86*.,"+%631$"+,&%1*)%-&*:,5"3./$-"GKB
YKc"(),56"*+()*)(" /$",(9*$("*."(63($)"*88%&'('"4.118" @[;GE"-2"[GcA"*."*"+6(*&"+%6%&6(.."
%/6;"
4.118;">aT"Rf p"K;!K"@,(9*$(^(),56"*+()*)(2"G^!AP"#R"@8/61A"ED\G2"EK[[2"EKYE2"D\G!2"!DHZ2"
!DKH"+1B!P"!I"XVR"@EKK"VI?2"TOT6EA"  Z;D[BZ;E["@12"HIA2"G;HD"@.2"DIA2"E;YY"@J2"J"p"
H;G"I?2"DIA2"E;HE"@)2"J"p"Y;K"I?2"DIA2"D;!Z"@7.2"!IA2"!;Y!B!;ZZ"@12"DIAP" !ET"XVR"@ZH"
VI?2"TOT6EA"  !E[;G2"!D[;Y2"!DZ;\2"!DZ;[2"ZE;D2"ZK;H2"YD;Y2"EK;!2"DY;Z;"
"
"
"
4–Benzyloxy–butyraldehyde"@4.119A;""
"
Lit;"Ref;"^"" I*11%$'2"O;"V;P"W'1%$)2"O;P"I%&$/66%BN&*3C%2"N;"R;P"]/66/*1.2"O;"V;"
Org;"Biomol;"Chem;"20032"12"G!YYBG!ZD;"
"
>%"*"1/9)3&("%8":5&/'/$/31"+,6%&%+,&%1*)("@DE;\E2"!!!;K"11%6A"*$'"./6/+*"-(6"@DE;\E"-A"
/$"OTV"@!\!"1aA2"*".%63)/%$"%8"4.118"@!K;KK"-2"HH;H"11%6A"'/..%60('"/$"OTV"@Y["1aA"
=*." *''(';">,(" &(*+)/%$"1/9)3&("=*." .)/&&('" *)" &%%1" )(1:(&*)3&(" 8%&" *7%3)" D;H" ,;">,("
&(*+)/%$"1/9)3&("=*." ),($" 8/6)(&('" ),&%3-," *":63-"%8" ./6/+*" (63)/$-"=/),"OTV" )%" *88%&'"
4.119"@[;K!"-2"[!cA"*."+6(*&"+%6%&6(.."%/6;""
4.119;">aT"Rf p"K;GD"@,(9*$(^(),56"*+()*)(2"!^!AP"#R"@8/61A"EK[[2"EKYG2"D\ED2"D[HD2"!ZD[2"
!DKH"+1B!P"!I"XVR"@EKK"VI?2"TOT6EA"  \;Z\"@)2"J"p"!;Y"I?2"!IA2"Z;D["@12"HIA2"G;G\"@.2"
DIA2"E;H!"@)2"J"p"Y;!"I?2"DIA2"D;HH"@')2"J"p"Z;!2"!;Y"I?2"DIA;"!;HH"@J3/$)2"J"p"Y;K"I?2"DIAP"
!ET"XVR"@ZH"VI?2"TOT6EA"  DKD;Y2"!E[;G2"!D[;Y2"ZE;!2"Y\;E2"G!;!2"DD;Z;"
"
"
"
7–Benzyloxy–hept–1–en–4–ol"@4.121A;"
"
N66561*-$(./31"7&%1/'("4.159"@!;K"V"/$"'/(),56"(),(&2"K;[\"1aA"=*."*''('"'&%:=/.(")%"
*".%63)/%$"%8"4.119"@K;!!"-2"K;H\"11%6(A"/$"'&5"'/(),56"(),(&"@D"1aA"),*)"=*.":&(B+%%6('"
*)"BZ["%T"/$"*$"*+()%$(e'&5"/+("+%6'"7*),;">,("&(*+)/%$"=*."*66%=('")%".)/&"*)"BZ["%T"*$'"
DGH"
=*."+%$)/$3%3.65".)/&&('"*."/)"=*&1('"3:")%"&%%1")(1:(&*)3&(;"N8)(&"D",2"),(".%63)/%$"=*."
+%%6('"*-*/$"*)"BZ["%T"7(8%&("*''/$-"*$"*''/)/%$*6"*1%3$)"%8"*66561*-$(./31"7&%1/'("
@K;H\"1a2"K;H\"11%6(A;">,("&(*+)/%$"=*.".)/&&('"*)"BZ["%T"*$'".)/&&('"+%$)/$3%3.65"*."/)"
=*&1('" 3:" *)" &%%1" )(1:(&*)3&(;" N8)(&" *::&%9/1*)(65" !" ,2" ),(" &(*+)/%$" 1/9)3&(" =*."
J3($+,('"=/),".*);"*J;"XIGT6".%63)/%$"@!K"1aA;">,("%&-*$/+"6*5(&"=*.".(:*&*)('"8&%1"),("
*J3(%3." 6*5(&"*$'"),("*J3(%3." 6*5(&"=*."(9)&*+)('"=/),"'/(),56"(),(&"@E"9"!K"1aA;">,("
%&-*$/+"6*5(&."=(&("+%66(+)('2"+%17/$('2"'&/('"%0(&"1*-$(./31".368*)(2"*$'"=(&("+%$+'"
3$'(&" &('3+('" :&(..3&(" =,/+," *88%&'('" 4.121" @K;!K" -2" ZZcA" *." *" 6/-,)" %&*$-(" %/6;" X%"
83&),(&":3&/8/+*)/%$"=*."$(('(';""
4.121;">aT"Rf p"K;E\"@,(9*$(^(),56"*+()*)(2"G^!AP"#R"@8/61A"EGE!2"EKY\2"EKEK2"D\DZ2"D[H[2"
!DKH"+1B!P"!I"XVR"@EKK"VI?2"TOT6EA"  Z;DHBZ;EH"@12"HIA2"H;ZYBH;\K"@12"!IA2"H;KZB
H;!G"@12"DIA2"G;HK"@.2"DIA2"E;YH"@.(:)2"J"p"G;D"I?2"!IA;"E;HK"@)2"DI2"J"p"Y;K"I?A2"D;Z\"@7.2"
!IA2"D;!EBD;D[" @12"!IA2"!;HZB!;[K" @12"IA2"!;G!B!;HG" @12"!IA2"!;![B!;DZ" @12"!IAP" !ET"
XVR"@ZH"VI?2"TOT6EA"  !E[;G2"!EH;E2"!D[;H2"!DZ;[2"!DZ;[2"!!Z;Z2"ZE;!2"ZK;Z2"ZK;Y2"GD;!2"
EG;K2"DY;E;"
"
"
"
2,2–Dimethyl–propionic acid 1–(3–benzyloxy–propyl)–but–3–enyl ester (4.122) 
 
I%1%*6656/+"*6+%,%6"4.121"@K;KY"-2"K;DZ"11%6A"=*."'/..%60('"/$":5&/'/$("@K;!G"1aA;"#$)%"
),("&(.36)/$-"+6(*&".%63)/%$2"GB'/1(),56*1/$%:5&/'/$("@K;KKZ"-2"K;KH"11%6(A"=*."*''('"
8%66%=('"75")&/1(),56*+()56+,6%&/'("4.160"@K;KG"1a2"K;EK"11%6A;">,("&(.36)/$-".%63)/%$"
=*.".)/&&('"+%$)/$3%3.65"*$'"),("&(*+)/%$"=*."1%$/)%&('"75">aT;"N8)(&"*::&%9/1*)(65"DG"
,2" ),(" &(*+)/%$"1/9)3&("=*." J3($+,('" 75" ),(" *''/)/%$" %8"IDb" @!H"1aA;" >,(" J3($+,('"
&(*+)/%$"1/9)3&("=*."(9)&*+)('"=/),"'/(),56"(),(&"@E"9"!K"1aA;">,("%&-*$/+"6*5(&."=(&("
+%66(+)('2"+%17/$('2"=*.,('"=/),"IDb"@E"9"!K"1aA"*$'".*);".%'/31"+,6%&/'("@E"9"!K1aA2"
'&/('" %0(&" 1*-$(./31" .368*)(" *$'" +%$+'" 3$'(&" &('3+('" :&(..3&(;" >,(" &(./'3(" =*."
:3&/8/('"75"86*.,"+%631$"+,&%1*)%-&*:,5"3./$-"!HBDKc"(),56"*+()*)("/$",(9*$("*."(63($)"
=,/+,"*88%&'('"4.122"@K;K["-2"\!cA"*."*$"%/6;"
DGY"
4.122;"Rf p"K;Z!">aT"@,(9*$(^(),56"*+()*)(2"G^!AP"#R"@8/61A"D\HZ2"D\E!2"D[Y\2"!ZDH2"!GZ\2"
!D[E"+1B!P"!I"XVR"@EKK"VI?2"TOT6EA"  Z;DYBZ;EY"@12"HIA2"H;Y[BH;[!"@12"!IA2"H;KEB
H;!K"@12"DIA2"G;\!"@.2"!IA2"G;HK"@.2"DIA2"E;GZ"@)2"J"p"Y;K"I?2"DIA2"D;D\BD;EH"@12"DIA2"!;!["
@.2" \IA2" !;H\B!;Z!" @12" GIAP" !ET"XVR" @ZH"VI?2"TOT6EA"  !Z[;D2" !E[;Z2" !EE;[2" !D[;H2"
!DZ;[2"!DZ;Z2"!!Z;[2"ZE;K2"ZD;Y2"ZK;!2"E\;K2"E[;\2"EK;H2"DZ;E2"DH;Z;"
"
"
"
2,2–Dimethyl–propionic acid 4–benzyloxy–1–(2–oxo–ethyl)–butyl ester (4.123) 
"
NBV(),561%&:,%6/$(BNB%9/'(" @K;[!"-2"E;!\"11%6A"=*."*''('" /$)%"*" .%63)/%$"%8"4.122"
@K;\K" -2" D;\H" 11%6A" /$" *+()%$(" @!K;H" 1aA;" b.1/31" )()&%9/'(" @D;H" c" .%63)/%$" /$" tB
M3bbI2" K;H" 1a2" K;KG" 11%6A" =*." *''('" *$'" ),(" &(.36)/$-" .%63)/%$" =*." .)/&&('"
+%$)/$3%3.65" *)" &%%1" )(1:(&*)3&(;" >,(" &(*+)/%$"=*."1%$/)%&('" 75">aT" *$'" *8)(&" D" ,2"
*''/)/%$*6"%.1/31")()&%9/'("@K;D"1a2"K;KD"11%6A"=*."*''(';"N8)(&"DG",2"),(".%63)/%$"=*."
'/63)('"75"*''/$-"(),56"*+()*)("@!K"1aA;">,(".%63)/%$"=*."=*.,('"=/),"IT6"@!"X2"E"9"!H"
1aA2" '&/('" %0(&" .%'/31" .368*)(2" *$'" +%$+'" 3$'(&" &('3+('" :&(..3&(;" >,(" &(./'3(" =*."
'/..%60('"/$">Id"@DD;Z"1aA"*$'"*".%63)/%$"%8".%'/31":(&/%'*)("@!;!Y"-2"H;GE"11%6A" /$"
IDb"@DH"1aA"=*."*''(';">,(".%63)/%$"=*."+%$)/$3%3.65".)/&&('"*)"&%%1")(1:(&*)3&(;">,("
.%60($)"=*."&(1%0('"3$'(&"&('3+('":&(..3&("*8)(&"!D","*$'"),("&(./'3("=*.":%3&('"/$)%"
IDb"@HK"1aA;">,("=*)(&"6*5(&"=*."),($"(9)&*+)('"=/),"OTV"@E"9"DH"1aA"*$'"),("%&-*$/+"
6*5(&." =(&(" +%66(+)('2" +%17/$('2" '&/('" %0(&" .%'/31" .368*)(2" *$'" +%$+'" 3$'(&" &('3+('"
:&(..3&(;"<3&/8/+*)/%$"3./$-"86*.,"+%631$"+,&%1*)%-&*:,5"3./$-"GKBYKc"(),56"*+()*)("/$"
,(9*$("*."(63($)")%"*88%&'"4.123"@K;H["-2"YGcA"*."*$"%/6;"
4.123;">aT"Rf p"K;[!"@,(9*$(^(),56"*+()*)(2"!^!AP"!I"XVR"@EKK"VI?2"TOT6EA"  \;Z!"@')2"
J"p"D;G2"K;Y"I?2"!IA2"Z;DYBZ;EZ"@12"HIA2"H;E!"@J3/$)2"!I2"J"p"Y;K"I?A2"G;\G"@.2"DIA2"E;G["
@J3/$)2"J"p"Y;K"I?2"DIA2"D;YDBD;YH"@12"DIA2"!;HYB!;Z["@12"GIA2"!;!\"@.2"\IA;"
"
"
"
DGZ"
"
"
1–(triphenylphosphoranylidene)acetone (4.162)  
 
Lit;"Ref;"^"" Q/7.%$2" t;" L;P" N$'&(52" b;P" M&/176(2" V;" N;" fN" L,%&)" W$*$)/%.(6(+)/0("
L5$),(./." %8" ),(" >%:%/.%1(&*.(" ##" #$,/7/)%&" @jABW6(3),(&/$g" Synthesis"
20072"172"DY!!BDY!E;"
"
N+()%$56:,%.:,%$/31" +,6%&/'(" 4.161" @E;!E"11%62" !;!!" -A" =*." *''('" )%" *" .%63)/%$" %8"
X*DTbE"@!Y;Z"11%62"!;GK"-A" /$"IDb"@!G"1aA;">,(".%63)/%$"=*.".)/&&('"+%$)/$3%3.65"*)"
&%%1")(1:(&*)3&(;"N8)(&"DY",2"),("&(.36)/$-".%6/'"=*."0*+331"8/6)(&('2"=*.,('"=/),"IDb"
*$'"'&/('"3$'(&"0*+331")%"*88%&'"4.162"*."=,/)(".%6/'"@K;\Y"-2"\YcA;"
4.162;"!I"XVR"@EKK"VI?2"TOT6EA"  Z;YDBZ;Y\"@12"HIA2"Z;H!BZ;H["@12"HIA2"Z;GDBZ;G\"
@12"HIA2"E;ZK"@'2"J"p"DZ;!"I?2"!IA2"D;K\"@'2"J"p"!;["I?2"EIAP"!ET"XVR"@ZH"VI?2"TOT6EA^"
"!\K;Z2"!\K;Y2"!EE;K2"!ED;\2"!E!;\2"!E!;\2"!D[;[2"!D[;Y2"HD;E2"HK;\2"D[;Y2"D[;G;"
"
"
"
(E)–4–(1–Oxo–2–butenyl)morpholine (4.129) 
 
>%" *" +%%6('" .%63)/%$" %8"1%&:,%6/$("4.163" @K;ZY"1a2" [;ZK"11%6A" /$" 7($?($(" @GK"1aA2"
W)EX"@!;D!"1a2"[;ZK"11%6A"=*."*''('"8%66%=('"75"*".%63)/%$"%8"transB+&%)%$56"+,6%&/'("
4.128" @K;\D"1a2" \;YK"11%6A" /$" 7($?($(" @[;ZK"1aA;">,(" &(.36)/$-" +6%3'5" .%63)/%$"=*."
.)/&&('"+%$)/$3%3.65"*)"K"%T;"N8)(&"!",2"),(".%60($)"=*."&(1%0('"3$'(&"&('3+('":&(..3&("
*$'"),("&(.36)/$-"&(./'3("=*."'/..%60('"/$"(),56"*+()*)("7(8%&("),(".%63)/%$"=*."8/6)(&(';"
>,(" 8/6)&*)(" =*." +%$+'" 3$'(&" &('3+('" :&(..3&(" *$'" :3&/8/+*)/%$" =/)," 86*.," +%631$"
+,&%1*)%-&*:,5"3./$-"ZKB[KB\Kc"(),56"*+()*)("/$",(9*$(")%"5/(6'"4.129"@!;KH"-2"Z\cA"
*."*"6/-,)"5(66%="%/6;">,/."+%1:%3$'",*."7(($".5$),(./?('":&(0/%3.65;[Y"
4.129;">aT"Rf p"K;!!"@,(9*$(^(),56"*+()*)(2"!^!AP" !I"XVR"@EKK"VI?2"TOT6EA"  Y;[GB
Y;\Y"@12"!IA2"Y;DD"@J'2"!I2"J"p"!H;K2"!;Z"I?A2"E;Y["@7.2"[IA2"!;[["@''2"J"p"Y;\2"!;Z"I?2"
EIA;"
DG["
"
"
(Z)–1–[1–(tert–Butyldimethylsilanyloxy)–1,3–butadienyl]morpholine (4.130)"
 
Lit;"Ref;"^"" O($1*&42"L;"W;P"I((1.)&*2"t;"R;"J;"Org;"Chem;"20072"722"HYY[B"HY[[;"
"
N".%63)/%$"%8"4.129"@K;HK -2"D;\H"11%6A"/$">Id"@!H"1aA"=*."+%%6('"*)"BZ["%T"3./$-"*"
'&5"/+(e*+()%$("+%6'"7*),;"FIVOL"@K;H"V"/$")%63($(2"Y;HK"1aA"=*."*''('"/$"*"'&%:=/.("
8*.,/%$"*$'"),("&(.36)/$-"5(66%=".%63)/%$"=*."+%$)/$3%3.65".)/&&('"*)"BZ["%T"8%&"GK"1/$;"N"
.%63)/%$"%8">MLT6"@K;G\"-2"E;DH"11%6A"/$">Id"@G"1aA"=*."*''('"*$'"),(".%63)/%$"=*."
+%$)/$3%3.65" .)/&&('" *." /)" =*&1('" 3:" )%" &%%1" )(1:(&*)3&(;" >,(" .%60($)" =*." &(1%0('"
3$'(&"&('3+('":&(..3&("*$'":($)*$("=*."*''('")%"),("&(./'3(;">,(".%63)/%$"=*."8/6)(&('"
),&%3-,"+(6/)("*$'"),("8/6)&*)("=*."+%$+'"3$'(&"&('3+('":&(..3&(;">,("+&3'(":&%'3+)"=*."
:3&/8/('"75"F3-(6&%,&"'/.)/66*)/%$"=,/+,"*88%&'('"4.130"*."*"+%6%&6(.."%/6"@K;!D"-2"!HcA;"
4.130;"!I"XVR"@EKK"VI?2"TOT6EA"  Y;GZBY;YK"@12"!IA2"G;[Z"@''2"J"p"!G;\2"D;D"I?2"!IA2"
G;YH"@')2"J"p"[;\2"D;D"I?2"!IA2"E;Y["@)2"J"p"G;Z"I?2"GIA2"D;[["@)2"J"p"G;["I?2"GIA2"K;\\"@.2"
\IA2"K;!Z"@.2"YIA;"
"
"
"
3–Benzyloxy–propan–1–ol"@4.143A;""
"
Lit;"Ref;"^"" L+,%1*4(&2" t;"V;P" M,*))*+,*&C((2" L;P" `*$2" t;P" M%&,*$2" M;" J;"Am;"Chem;"
Soc;"20072"1292"!\\YBDKKE;""
"
!2EB<&%:*$('/%6"4.142"=*."*''('" /$"*".3.:($./%$"%8"X*I"@!;YY"-2"G!;H"11%6A" /$">Id"
@G!H"1aA;">,("&(.36)/$-"+6%3'5".%63)/%$"=*.".)/&&('"+%$)/$3%3.65;"N8)(&"!",2"M$M&"@G;\G"
1a2"G!;H"11%6A"=*."*''('"*$'"),(".%63)/%$"=*.",(*)('")%"&(8639;"N8)(&"!D",2"),("&(*+)/%$"
=*." J3($+,('"=/),"IDb" @DKK"1aA;">,(" J3($+,('" &(*+)/%$"1/9)3&("=*." (9)&*+)('"=/),"
'/(),56"(),(&" @E"9"!KK"1aA;">,("%&-*$/+" 6*5(&."=(&("+%66(+)('2"+%17/$('2"=*.,('"=/),"
.*);"*J;"X*T6".%63)/%$2"'&/('"%0(&"1*-$(./31".368*)(2"*$'"+%$+'"3$'(&"&('3+('":&(..3&(;"
>,(" &(./'3(" =*." :3&/8/('" 3./$-" 86*.," +%631$" +,&%1*)%-&*:,5" =/)," HKBYKBZKc" (),56"
DG\"
*+()*)("/$",(9*$(")%"*88%&'"4.143"@G;\Y"-2"ZDcA"*."+%6%&6(.."%/6;"
4.143;">aT"Rf p"K;DY"@,(9*$(^(),56"*+()*)(2"G^!AP" !I"XVR"@EKK"VI?2"TOT6EA"  Z;DZB
Z;E["@12"HIA2"G;HE"@.2"DIA2"E;Z\"@J2"J"p"H;H"I?2"DIA2"E;YZ"@)2"J"p"H;["I?2"DIA2"D;DH"@)2"J"p"
H;H"I?2"!IA2"!;[["@J3/$)2"J"p"H;Z"I?2"DIA;"
"
"
"
3–Benzyloxy–propionaldehyde"@4.144A"
"
Lit;"Ref;"^"" Q3)4(2"I;t;P"b(.)(&&(/+,2"F;P"L:/)?$(&2"O;P"M&*3$2"X;"N;"Tetrahedron 20012"
572"\\ZB!KKE;"
"
N".%63)/%$"%8"4.143"@!;KK"-2"Y;KD"11%6A"/$"OTV"@EK"1aA"=*."*''('"/$"*".3.:($./%$"%8"
:5&/'/$/31" +,6%&%+,&%1*)(" @D;YK" -2" !D;KG"11%6A" *$'" ./6/+*" -(6" @D;YK" -A" /$" OTV" @DK"
1aA;">,("76*+4"%&*$-(".%63)/%$"=*.".)/&&('"+%$)/$3%3.65"*)"&%%1")(1:(&*)3&("8%&"E",;">,("
.%63)/%$" =*." 8/6)(&('" ),&%3-," *" :63-" %8" ./6/+*" -(6" (63)/$-" =/)," OTV;" >,(" 8/6)&*)(" =*."
+%$+'"3$'(&" &('3+('":&(..3&("*$'":3&/8/+*)/%$"75"F3-(6&%,&"'/.)/66*)/%$" )%"*88%&'"4.144"
@K;Y!"-2"YDcA"*."+%6%&6(.."%/6;"
4.144;">aT"Rf p"K;GY"@,(9*$(^(),56"*+()*)(2"G^!AP"!I"XVR"@EKK"VI?2"TOT6EA^"  \;[K"@)2"
J"p"!;\"I?2"!IA2"Z;D[BZ;E["@12"HIA2"G;HG"@.2"DIA2"E;[D"@)2"J"p"Y;!"I?2"DIA2"D;ZK"@')2"J"p"
Y;!2"!;\"I?2"EIA;"
"
"
"
1–Benzyloxy–hex–5–en–3–ol"@4.145)"
"
N".%63)/%$"%8"4.144"@K;HE"-2"E;DE"11%6A"/$">Id"@\"1aA"=*."+%%6('")%"BZ["%T"3./$-"*"'&5"
/+(e*+()%$(" +%6'" 7*),;" N6651*-$(./31" +,6%&/'(" @!;Z" V" /$" >Id2" G;EK" 1aA" =*." *''('"
'&%:=/.("*$'"),(".%63)/%$"=*.".)/&&('"+%$)/$3%3.65"*."/)"=*&1('"3:")%"&%%1")(1:(&*)3&(;"
>,(" &(*+)/%$" =*." 1%$/)%&('" 75" >aT;" N8)(&" *::&%9/1*)(65" !;H" ,2" ),(" &(*+)/%$" =*."
J3($+,('"=/),".*);"*J;"XIGT6".%63)/%$"@!K"1aA"*$'"=*."(9)&*+)('"=/),"'/(),56"(),(&;">,("
%&-*$/+"6*5(&."=(&("+%66(+)('2"+%17/$('2"'&/('"%0(&"1*-$(./31".368*)(2"*$'"+%$+'"3$'(&"
DHK"
&('3+('":&(..3&(")%"-/0("),("+&3'(":&%'3+);"<3&/8/+*)/%$"%8"),("+&3'(":&%'3+)"3./$-"86*.,"
+%631$" +,&%1*)%-&*:,5"=/)," !HBDKc" (),56" *+()*)(" -*0("4.145" @K;GD" -2" YEcA" *." 6/-,)"
5(66%="%/6;">,/."+%1:%3$'",*."7(($".5$),(./?('":&(0/%3.65;[Z"
4.145;">aT"Rf p"K;DD"@,(9*$(^(),56"*+()*)(2"G^!AP" !I"XVR"@EKK"VI?2"TOT6EA"  Z;D[B
Z;GE"@12"HIA2"H;ZZBH;\!"@12"!IA2"H;K[BH;!H"@12"DIA2"G;HE"@.2"DIA2"E;[["@J3/$)2"J"p"Y;D"
I?2"!IA2"E;Y!BE;ZY"@12"DIA2"D;DH"@')2"J = Y;\2"!;!"I?2"DIA2"!;ZGB!;[G"@12"DIA;"
"
"
"
2,2–Dimethyl–propionic acid 1–(2–benzyloxy–ethyl)–but–3–enyl ester (4.146). 
 
#$"*"'&/('"&%3$'"7%))%1"86*.42"4.145"@K;!K"-2"K;G["11%6A"=*."'/..%60('"/$"OTV"@D"1aA;"
OVN<"@K;KKD"-2"K;KD"11%6A"=*."*''('" 8%66%=('"75"W)EX"@K;!E"1a2"K;\Y"11%6A;">,("
.%63)/%$"=*.".)/&&('"8%&".%1("1/$3)(."7(8%&("*''/$-")&/1(),56*+()56"+,6%&/'("4.160"@K;K\"
1a2" K;ZD"11%6A;" >,(" &(.36)/$-" .%63)/%$"=*." .)/&&('" +%$)/$3%3.65" *)" &%%1" )(1:(&*)3&(;"
N8)(&" *::&%9/1*)(65" DG" ,2" ),(" &(*+)/%$" =*." J3($+,('" 75" *''/$-" IDb" @!K" 1aA;" >,("
%&-*$/+"6*5(&"=*.".(:*&*)('"8&%1"),("*J3(%3."6*5(&"*$'"),("*J3(%3."6*5(&"=*."(9)&*+)('"
=/),"'/(),56"(),(&"@E"9"!K"1aA;"N66"%&-*$/+"6*5(&."=(&("+%66(+)('2"+%17/$('2"'&/('"%0(&"
1*-$(./31" .368*)(2" *$'" +%$+'" 3$'(&" vacuo;" <3&/8/+*)/%$" =/)," 86*.," +%631$"
+,&%1*)%-&*:,5"3./$-"Hc"(),56"*+()*)("/$",(9*$("*."(63($)"*88%&'('"4.146"@K;KH"-2"EYcA"
*."%&*$-("%/6;"
4.146.">aT"Rf p"K;ZG"@,(9*$(^(),56"*+()*)(2"G^!AP" !I"XVR"@EKK"VI?2"TOT6EA"  Z;DYB
Z;EG" @12"HIA2"H;YZBH;[!" @12"!IA2"H;KEBH;!!" @12"EIA2"G;G[" @.2"DIA2"E;G!BE;H!" @12"DIA2"
D;DZBD;GK"@12"DIA2"!;[GB!;\D"@12"DIA2"!;!H"@.2"\IA;"
"
"
"
"
"
"
"
DH!"
"
"
(E)–1–(benzyloxy)–7–oxooct–5–en–3–yl pivalate (4.148). 
"
>%"*".%63)/%$"%8"4.146"/$"OTV"@!"1aA2"1(),56"0/$56"4()%$("4.162"@K;KY"1a2"K;Y["11%6A"
=*."*''('"'&%:=/.(;">,(".%63)/%$"=*."'(-*..('"8%&"*7%3)"!K"1/$"7(8%&("*''/$-"Q&377.B
I%0(5'*"+*)*65.)"@K;KKKY"-2"K;K!"11%6A"4.166;">,("&(.36)/$-"-&(($".%63)/%$"=*.".)/&&('"
+%$)/$3%3.65" *)" &%%1" )(1:(&*)3&(" 8%&" DG" ,;" <3&/8/+*)/%$" 3./$-" 86*.," +%631$"
+,&%1*)%-&*:,5"=/),"*"'&5":*+4('"+%631$"(63)/$-"=/),"DKc"(),56"*+()*)("/$",(9*$("-*0("
4.148"*."7&%=$"%/6"@K;KH"-2"\DcA;"
4.148;">aT"Rf p"K;[Y"@,(9*$(^(),56"*+()*)(2"!^!AP"#R"@8/61A"D\Y\2"D\DY2"!ZDH2"!YZZ2"!GZ\2"
!!H\"+1B!P"!I"XVR"@EKK"VI?2"TOT6EA"  Z;DYBZ;EE"@12"HIA2"Y;YGBY;ZH"@12"!IA2"Y;KEB
Y;K["@'2"J"p"!Y;K"I?2"!"IA2"H;!DBH;DK"@12"!IA2"G;GZ"@.2"DIA2"E;GDBE;HG"@12"DIA2"D;G!BD;Y!"
@12"DIA2"D;D!"@.2"EIA2"!;[\"@J2"J"p"Y;E"I?2"DIA2"!;!E"@.2"\IAP"!ET"XVR"@ZH"VI?2"TOT6EA"
"!\[;G2"!Z[;K2"!GE;!2"!E[;E2"!EG;K2"!D[;Y2"!DZ;\2"!DZ;\2"ZE;G2"Y\;H2"YY;E2"E\;K2"EZ;\2"EG;G2"
D\;\2"DZ;E2"DY;\;"IRVL"@WL#A^"m/?"+*6+'" 8%&"TDKID[bGX*j" @VjX*jA^"EHH;![[K;"d%3$'^"
EHH;![ZE;"
"
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"
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O%=$BR(-36*)/%$"/$"IVZ"I31*$"T%6%$"T*$+(&"T(66.g"Clin;"Cancer"Res;"20072"
132"YHK\BYH!Z;"
!!;A I3..2"V;P"L*..(2"d;P"F3$?(2"M;P"t*$.($2"R;P"L)(/$1()?2"I;P"#$-($,%&.)2"Q;P"i((+42"
N;P" ]/(+?%&(42" I;" fN&+,*?%6/'" *$'" *:/+36*&($^" X%0(6" .:(+/8/+" lBN><*.("
/$,/7/)%&.g"BMC Biochemistry"20052"62"!EBDE;"
DHE"
!D;A I%$-2"t;P"`%4%1*43&*2"N;P"X*4*$%2"`;P"#.,/,*&*2"F;P"F*$('*2"V;P"b$%'(&*2"V;P"
X*4*,*1*2"F;P"V%&/)*2"#;P"X//43&*2"F;P"N,$2"t;P"i((2"b;P"b,3+,/2"F;"f#$,/7/)/%$"%8"
0*+3%6*&B)5:("@IjABN><*.("75"),("+5)%.)*)/+"1*+&%6/'("*:/+36*&($"N"*$'"/)."&%6("
/$"*:/+36*&($"N"B/$'3+('"*:%:)%./." /$"RN]"DYG;Z"+(66.g"FEBS"Lett;"20062"5802"
DZDEBDZEK;"
!E;A X(6.%$2" X;" fL)&3+)3&(" *$'" :,*&1*+%6%-5" %8" ),(" :&%)%$BN><*.(.g" Trends"
Pharmacol;"Sci;"19912"122"Z!BZH;"
!G;A F((6/$-2"O;" t;P"I(&.6%82"V;P"R57(&-2"M;P" LC%-&($2" L;P" L%60(662"a;" fl*+3%6*&"IjB
N><*.(.;">*&-()."8%&"'&3-"'/.+%0(&5yg"Ann;"N;Y;"Acad;"Sci; 19972"8342"YKKBYK[;"
!H;A d*&/$*2" T;P" Q*-6/*&'/2" L;" fL(6(+)/0(" /$,/7/)%&." %8" ),(" %.)(%+6*.)" 0*+3%6*&" :&%)%$"
N><*.(" *." $%0(6" 7%$(" *$)/&(.%&:)/0(" *-($).g"Drug Discovery Today" 19992" 42"
!YEB!ZD;"
!Y;A I%$-2" t;P" L*.*4/2" I;P" X//43&*2" F;P" `*$*/2" V;P" X*4*$%2" `;P" `%4%1*43&*2" N;P"
#.,/,*&*2"F;P"I/&*.*=*2"X;P"F*$-2"`;P"b,2"t;"L;P"F=*42"t;"I;P"i((2"b;P"b,3+,/2"F;"
f#$,/7/)/%$" %8" 7%$(" &(.%&:)/%$" /$" +36)3&(." %8"1%3.(" +*60*&/*(" 75" *:/+36*&($"Ng"
Planta"Med;"20072"732"!ZEB!ZH;"
!Z;A F=%$2"I;"t;P"F/12"O;"I;P"L,/12"t;"L;P"N,$2"t;"];"fN:/+36*&($"N2"*"1*+&%6/'("8&%1"
T,%$'&%15+(." .:;2" /$,/7/)." -&%=)," 8*+)%&" /$'3+('" /$" 0/)&%" *$-/%-($(./.g" J;"
Microbiol;"Biotechnol;"20022"122"ZKDBZKH;"
![;A M,*))*+,*&C((2" N;P" L(-3/62" b;" R;P" O(" M&*7*$'(&2" t;" F;" f>%)*6" .5$),(./." *$'"
7/%6%-/+*6" (0*63*)/%$" %8" *:/+36*&($" N" *$'" .5$),()/+" *$*6%-.g" Tetrahedron" Lett;"
20012"422"!D!ZB!DDK;"
!\;A X/+%6*%32" F;" T;P" F/12" O;" ];P" M**)/2" R;P" bxM&*)(2" N;P" Q/*$$*4*4%32" <;" f>%)*6"
.5$),(./." *$'" 7/%6%-/+*6" (0*63*)/%$" %8" @BAB*:/+36*&($"N" *$'" *$*6%-3(." ),(&(%8g"
Chem;"Eur;"J;"20032"92"Y!ZZBY!\!;"
DK;A <()&/2" N;" d;P" L*..(2" d;P" V*/(&2" V;" W;" fL5$),(./." *$'" 7/%6%-/+*6" (0*63*)/%$" %8"
*:/+36*&($"N"*$*6%-3(.g"Eur."J."Org."Chem. 20052"92"![YHB![ZH;"
D!;A X/+%6*%32" F;" T;P" F/12" O;" ];P" M**)/2" R;" fL)(&(%+%$)&%66('" )%)*6" .5$),(./." %8"
*:/+36*&($"N"*$'" /)." !Z2!["i" #.%1(&g"Angew;"Chem;" Int;"Ed;"20022"412" EZK!B
EZKG;"
DD;A L32"k;P" <*$(42" t;" L;" f>%)*6" L5$),(./." %8" @BABN:/+36*&($"Ng" J;"Am;"Chem;" Soc;"
20042"1262"DGDHBDGEK;"
DE;A L32"k;">%)*6" .5$),(./."%8" 6(3+*.+*$'&%6/'("N"*$'"*:/+36*&($"N"*$'" .5$),(./."%8"
$*)3&*6":&%'3+)B6/4("1*+&%'/%6/'(.2"DKKY2"<,;"O;"O/..(&)*)/%$2"M%.)%$"S$/0(&./)52"
M%.)%$2"VN;"
DHG"
DG;A <()&/2"N;"d;P"M*5(&2"N;P"V*/(&2"V;"W;"fX*)3&*6":&%'3+).".5$),(./.^">%)*6".5$),(./."
%8" *:/+36*&($" N" ),&%3-," )&*$.*$$36*&" :5&*$" 8%&1*)/%$g"Angew;"Chem;" Int;"Ed;"
20042"432"H[D!BH[DE;"
DH;A <()&/2"N;"d;">%)*6".5$),(./."%8"*:/+36*&($"N"*$'"*$*6%-3(." ),(&(%82"DKK\2"<,;"O;"
O/..(&)*)/%$2"S$/0(&./)Ö)">{7/$-($2">{7/$-($2"Q(&1*$5;"
DY;A F/12" O;"];" #;" >%)*6" .5$),(./." %8" @BA*:/+36*&($" N" *$'" 7/%6%-/+*6" (0*63*)/%$" %8"
./'(B+,*/$" *$*6%-.;" ##;" >%)*6" .5$),(./." %8" ,*6/:(:)/$" O" *$'" %9*?%6/$(" *$*6%-.2"
DKKH2"<,;"O;"O/..(&)*)/%$2"S$/0(&./)5"%8"T*6/8%&$/*2"L*$"O/(-%2"TN;"
DZ;A <*6/14*&2"L;"t;P"S($/.,/2"t;"f>%)*6"L5$),(./."%8"@BABN:/+36*&($"Ng"Org;"Lett;"20102"
122"G!YKBG!YE;"
D[;A <*6/14*&2"L;"t;P"S($/.,/2"t;P"#/2"I;"f>%)*6"L5$),(./."*$'"M/%6%-/+*6"W0*63*)/%$"%8"@B
ABN:/+36*&($"N"*$'"#)."N$*6%-3(.g"J;"Org;"Chem;"20122"772"E[[BE\\;"
D\;A a(=/.2" N;P" L)(8*$3)/2" #;P" L=*/$2" L;" N;P" L1/),2" L;" N;P" >*56%&2" R;" t;" F;"
fT*&7%,5'&*)(B7*.('"&%3)(." )%".*6/+56*)("$*)3&*6":&%'3+).^"8%&1*6" )%)*6".5$),(./."
%8"@jAB*:/+36*&($"N"8&%1"OB-63+*6g"Tetrahedron"Lett;"20012"422"HHG\BHHHD;"
EK;A a(=/.2"N;P"L)(8*$3)/2" #;P"L=*/$2"L;"N;P"L1/),2"L;"N;P">*56%&2"R;" t;"F;" fN" 8%&1*6"
)%)*6" .5$),(./." %8" @jAB*:/+36*&($" N" ^" M*.(B/$'3+('" +%$0(&./%$" %8" *:/+36*&($B
'(&/0('" /$)(&1('/*)(." /$)%" .*6/+56/,*6*1/'(B6/4(" :&%'3+).g"Org;" Biomol;"Chem;"
20032"12"!KGB!!Y;"
E!;A I/66/2" d;P" ],/)(2" t;" V;P" R/??*+*.*2" V;" N;" fd%&1*6" >%)*6" L5$),(./." %8" @BAB
N:/+36*&($"N" 0/*" >&*$.*$$36*&" T%$C3-*)("N''/)/%$g"Org;"Lett;" 20042" 62" !D[\B
!D\D;"
ED;A Q&*()?2"M;"R;P"R5+,$%0.45"L;"fd%&1*6".5$),(./."%8"@BAB*:/+36*&($"Ng"Org;"Lett;"
20032"52"EEHZBEEYK;"
EE;A Q&*()?2"M;"R;"#;"N"8%&1*6".5$),(./."%8"*:/+36*&($"N;"##;"TDB.511()&/+"$/)&%9/'(."
*$'" ),(/&" :%)($)/*6" *." ($*$)/%.(6(+)/0(" %9/'*$).2" DKKE2" <,;" O;" O/..(&)*)/%$2"
S$/0(&./)5"%8"T*6/8%&$/*2"#&0/$(2"TN;"
EG;A a/2"V;P"bxO%,(&)52"Q;"N;"fO("X%0%"d%&1*6"L5$),(./."%8"@BABN:/+36*&($"N"0/*"*$"
#)(&*)/0("N.511()&/+"I5'&*)/%$"L(J3($+(g"Org;"Lett;"20062"82"YK[ZBYK\K;"
EH;A t3$-2"`;P"F/12"`;P"a((2"t;P">*(2"t;"fd%&1*6")%)*6".5$),(./."%8"@BAB*:/+36*&($"N"75"
*".)&*)(-5"7*.('"%$"&/$-B+6%./$-"1()*),(./."*$'")&*$.*$$36*&"+5+6/?*)/%$g"Chem;"
Eur;"J;"20072"22"YHYBYY!;"
"
DHH"
EY;A I/66/2"d;P"],/)(2"t;P"R/??*+*.*2"V;"N;"fd%&1*6")%)*6".5$),(./."%8"),("159%7*+)(&/*"
1()*7%6/)(" *:/+36*&($"N" 0/*" *" )&*$.*$$36*&" %95BV/+,*(6" *''/)/%$g" Tetrahedron"
Lett;"20112"672"HKHGBHKY[;"
EZ;A L$/'(&2" M;" M;P" L%$-2" d;" fL5$),(./." %8" ),(" XB@@!WABN64($56AB@Di2GiAB
,(:)*'/($*1/'("L/'("T,*/$"%8"L*6/+56/,*6*1/'("N"*$'"N:/+36*&($."N"*$'"Mg"Org;"
Lett;"20002"22"GKZBGK[;"
E[;A M,*))*+,*&C((2" N;P" O(" M&*7*$'(&2" t;" F;" fL5$),(./." %8" ./'(" +,*/$" )&3$+*)('"
*:/+36*&($"Ng"Tetrahedron"Lett;"20002"412"[KY\B[KZE;"
E\;A F3,$(&)2"L;"V;P"V*/(&2"V;"W;"fL5$),(./."%8"),("T%&("L)&3+)3&("%8"N:/+36*&($"N"75"
>&*$.*$$36*&"T5+6/?*)/%$g"Org;"Lett;"20022"42"YGEBYGY;"
GK;A I/66/2"d;P"],/)(2"t;"V;P"R/??*+*.*2"V;"N;"fL5$),(./."%8"),("+%&("%8"*:/+36*&($"N"75"
)&*$.*$$36*&"+%$C3-*)("*''/)/%$;g"Tetrahedron"Lett;"20022"432"[HKZB[H!K;"
G!;A L)(8*$3)/2" #;" fL)3'/(." )%=*&'." *" )%)*6" .5$),(./." %8" *:/+36*&($" Ng" <,;" O;"
O/..(&)*)/%$2"DKKD2"S$/0(&./)5"%8"`%&42"I(.6/$-)%$2"SF;"
GD;A F=%$2" M;P" >*(2" t;" fL5$),(./." %8" ),(" 4(5" /$)(&1('/*)(." 8%&" ),(" +%&(" E2GB
'/,5'&%/.%+%31*&/$".)&3+)3&(."%8"N#BZZBM"*$'"*:/+36*&($"8&%1"%&),%B1()*6*)('"
'/*$/%$."%8" )B73)567($?*1/'(." *$'" 83$+)/%$*6/?('" (:%9/'(.g"Heterocycles"20042"
622"!EZB!G!;"
GE;A <%$/*)%=.4/2" N;" t;P" d6%&(*$+/-2" <;" W;" fL5$),(./." %8" ),(" T!BT!H" 8&*-1($)" %8"
*:/+36*&($" N" ),&%3-," *" &(-/%.(6(+)/0(" (6(+)&%$B)&*$.8(&B/$/)/*)('" +5+6/?*)/%$"
&(*+)/%$;g"Synthesis"20072"DD\!BDD\Y;"
GG;A <%$/*)%=.4/2"N;"t;"f!;"R*'/+*6"+*)/%$."/$".5$),(./.^"S)/6/?/$-"*$"(6(+)&%$")&*$.8(&B
/$/)/*)('"+5+6/?*)/%$")%=*&'"),("$*)3&*6":&%'3+)"*:/+36*&($"Ng"<,;"O;"O/..(&)*)/%$2"
DKK\2"S$/0(&./)5"%8"</)).73&-2"</)).73&-2"<N;"
GH;A `*'*02"t;"L;P"F31*&2"X;P"X/&*$C*$P"<&*.*'2"N;"R;"fL)(&(%.(6(+)/0(".5$),(./."%8"*"
4(5"/$)(&1('/*)("%8"@BAB*:/+36*&($"Ng"Synthesis"20072"!!ZHB!!Z[;"
GY;A t3$')2"a;P"Iz86(2"Q;" fL/'(BT,*/$">&3$+*)/%$"%8"N:/+36*&($"N"75"b6(8/$"T&%..B
V()*),(./."=/),"(),56($(g"J;"Nat;"Prod;"20072"702"!EZZB!EZ\;"
GZ;A ](/..2"N;"I;" fO/$3+6(*&" ?/$+B+*)*65?('" *.511()&/+" *645$56*)/%$^"O(0(6%:1($)"
*$'" *::6/+*)/%$" )%" ),(" .5$),(./." %8" $*)3&*6" :&%'3+).g" <,;"O;"O/..(&)*)/%$2" DKK[2"
L)*$8%&'"S$/0(&./)52"L)*$8%&'"TN;"
G[;A b::%6?(&2"];"f#$)&*1%6(+36*&"+5+6%*''/)/%$."%8"T2b"*$'"T2X"136)/:6("7%$'." )%"
%&),%BJ3/$%'/1(),*$(.g"Angew;"Chem;"Int;"Ed;"19722"112"!KE!B!KED;"
"
DHY"
G\;A >&%.)2"M;"V;P"a*3)($."V;P"I3$-2"V;"I;P"T*&1/+,*(62"T;"L;"f>*$'(1"*6456*)/%$B
+5+6%*''/)/%$.;"T%$)&%6"75" )&*$./)/%$B1()*6" )(1:6*)(.g"J;"Am;"Chem;"Soc;"19842"
106, ZYG!BZYGE;"
"
HK;A R(-*.2" O;P" R3/?2" t;" V;P" N8%$.%2" V;" V;P" Q*6/$'%2" N;P" <*6($?3(6*2" t;" N;"
f#$)&*1%6(+36*&" ,()(&%" O/(6.BN6'(&" &(*+)/%$." %8" 0/$56" *66($(." *$'" *6'(,5'(.g"
Tetrahedron"Lett;"20032"442"[GZ!B[GZG;"
"
H!;A `(,2"V;"<;P">.*%2"];P"a/32"T;"fN" 8*+/6(".5$),(./."%8"7&/'-('" )&/+5+6/+" .4(6()%$."
0/*" /$)&*1%6(+36*&"O/(6.BN6'(&" &(*+)/%$"%8"+5+6/+"!2EB'/($(."+%$)*/$/$-"*$" 2 B
3$.*)3&*)('"(.)(&g"J;"Chin;"Chem;"Soc;"20052"522"E[EBE[Z;"
HD;A R/-752"t;"I;P"]/6.%$2"t;"i;P"L($*$*5*4(2"T;"f#$)&*1%6(+36*&"a(=/.B*+/'B+*)*65?('"
,()(&%+5+6%*''/)/%$" &(*+)/%$.;" T5+6/?*)/%$" %8" 4()%$(" ,()(&%'/($%:,/6(." /$" ),("
'/,5'&%)&%:%$(".(&/(.g"Tetrahedron"Lett;"19862"272"EED\BEEED;"
"
HE;A L$/'(&2" M;" M;P" <,/66/:.2" Q;" M;P" T%&'%0*2" R;" fd%&1*6" )%)*6" .5$),(./." %8" @ AB
:.(3'%1%$/+" *+/'." N" *$'" T;" >,(" J3*./B/$)&*1%6(+36*&" a(=/." *+/'" +*)*65?('"
O/(6.BN6'(&"&(*+)/%$g"J;"Org;"Chem;"19832"482"EKKEBEK!K;"
"
HG;A R/-752"t;"I;"fN"$(="*::&%*+,")%"),(".5$),(./."%8"+/.B,5'&%*?36($(.g"Tetrahedron"
Lett;"19822"232"![YEB![YY;"
"
HH;A R/-752" t;" I;P"]/6.%$2" t;" i;" h>%)*6" .5$),(./." %8" -3*/*$%6/'(.^" @qAB'(,5'&%+%.)3."
6*+)%$("*$'"@qAB(.)*8/*)/$g"J;"Am;"Chem;"Soc;"19842"1062"[D!ZB[DDG;"
"
HY;A T&*/-"O;P"Q%&'%$2"R;"L;"f#$)&*1%6(+36*&"O/(6.BN6'(&"&(*+)/%$."%8")(),(&('",%1%B"
*$'" ,()(&%)&/($(.;" L5$),(./." %8" .37.)/)3)('" +5+6%,(9($(." *$'" ./9B1(17(&('"
,()(&%+5+6(.g"Tetrahedron"Lett;"19982"392"[EEZB[EGK;"
"
HZ;A L$/'(&2"M;"M;P"a/32">;"f>%)*6"L5$),(./."%8"@qABO(%95:($%.)*)/$"Ng"J;"Org;"Chem;"
19992"642"!K[[B!K[\;"
"
H[;A L$/'(&2"M;"M;P"a/32">;"f>%)*6"L5$),(./."%8"@qABO(%95:($%.)*)/$"N;"N::&%*+,(.")%"
),("L5$),(.(."%8"<($%.)*)/$."N"*$'"Mg"J;"Org;"Chem;"20002"652"[G\KB[G\[;"
"
H\;A <5$(2" L;" Q;P" I($.(62"V;t;P" d3+,.2" <;" a;" fT,/&*6" *$'" .)(&(%+,(1/+*6" +%$)&%6" 0/*"
/$)&*1%6(+36*&"O/(6.BN6'(&" &(*+)/%$"%8"i"'/($(.g"J;"Am;"Chem;"Soc;"19822"1042"
HZ!\BHZD[;"
YK;A #.,/,*&*2"F;P"L*4*43&*2"N;" nGjDoBT56%*''/)/%$"&(*+)/%$.;" #$"Science of Synthesis 
Stereoselective SynthesisP"O("l&/(.2" t;"Q;2"V%6*$'(&2"Q;"N;2" W0*$.2" <;"N;" W'.;P"
Q(%&-">,/(1("l(&6*-^"L)3--*&)2"Q(&1*$52"DK!!P"l%6;"E2"::"YZB!DE;"
"
DHZ"
Y!;A M('$*&.4/2" V;" O;P" a5../4*)%.2" t;" <;" sR(*+)/%$." %8" N+)/0*)('" O/($(." =/),"
N6'(,5'(.s"#$"Comprehensive Organic SynthesisP"M;"V;">&%.)2"#;"d6(1/$-"*$'"a;"
N;"<*J3())(2"W'.;P"<(&1*-%$^"b98%&'2"!\\!P"l%6;"DP"YY!BZKY;"
YD;A R%3.,2"];"R;"f#$)&*1%6(+36*&"O/(6.BN6'(&"R(*+)/%$.g"#$"Comprehensive Organic 
SynthesisP"M;"V;">&%.)2" #;"d6(1/$-"*$'"a;"N;"<*J3())(2"W'.;P"<(&1*-%$^"b98%&'2"
!\\!P"l%6;"EP"::;H!EBHGY;"
YE;A T/-*$(42"W;"s>,("#$)&*1%6(+36*&"O/(6.BN6'(&"R(*+)/%$s"Org. React."19842"322"!B
EZG;"
YG;A i*+,*&/(2"M;P"N))*&'%2"Q;P"M*&&/*36)"M;P"<($$(5"T;"fR(-/%.(6(+)/0(".5$),(./."%8"YB
.37.)/)3)('"DB,5'&%957($?*6'(,5'(^"(88/+/($)".5$),(./."%8" ),(" /113$%1%'36*)%&"
)3+*&(.%6"*$'"&(6*)('"*$*6%-3(.g"J; Chem; Soc; Perkin Trans; 19972"12"D\DHBD\D\;"
YH;A V*62" O;" fT,(1%.(6(+)/0(" 1(),56*)/%$" %8" +*&7%956/+" *+/'." 3./$-" OMS" *$'"
/%'%1(),*$(g"Synth;"Commun;"19862"162"EE!BEEH;"
YY;A W+,*0*&&($2" N;"V;P" L)/66(2" t;" F;" f<*66*'/31B+*)*65?('" +%3:6/$-" %8" *&56" )&/86*)(."
=/),"%&-*$%.)*$$*$(.g"J;"Am;"Chem;"Soc;"19872 1092"HGZ[BHG[Y;"
YZ;A X-35($2">;P"T*.)*$()2"N;P"V%&)/(&2"t;"fO/&(+)('"b&),%BV()*6*)/%$"%8"S$:&%)(+)('"
M($?%/+" N+/'.;" V(),%'%6%-5" *$'" R(-/%.(6(+)/0(" L5$),(./." %8" S.(836"
T%$)/-3%3.65" EB" *$'" YBL37.)/)3)('" DBV(),%957($?%/+" N+/'" M3/6'/$-" M6%+4.g"
Org;"Lett;"20062"82"ZYHBZY[;"
Y[;A X-35($2" >;P" T,*32" X;" >;" >;P" T*.)*$()2" N;P" X-35($2" F;" <;" <;P"V%&)/(&2" t;" fd/&.)"
Q($(&*62" O/&(+)2" *$'" R(-/%.(6(+)/0(" L5$),(./." %8" L37.)/)3)('" V(),%957($?%/+"
N+/'."75"b&),%"V()*6*)/%$g"J;"Org;"Chem;"20072"722"EG!\BEGD\;"
Y\;A M(*4" <;P" M&%=$2" R;" N;" f>,(" )(&)/*&5" *1/'(" *." *$" (88(+)/0(" '/&(+)%&" %8" %&),%"
6/),/*)/%$g"J;"Org;"Chem;"19822"472"EGBGY;"
ZK;A t*$-2" O;" b;P" <*&42" O;" t;P" F/12" t;" fN" 1/6'" *$'" (88/+/($)" :&%+('3&(" 8%&" ),("
:&(:*&*)/%$"%8"*+/'"+,6%&/'(."8&%1"+*&7%956/+"*+/'.g"Tetrahedron Lett;"19992"40, 
HEDEBHEDY;"
Z!;A <*::%2"R;P"N66($2"O;P"a(1/(392"R;P"t%,$.%$2"];P"fb.1/31">()&%9/'(BT*)*65?('"
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ZZ;A I*11%$'2"O;"V;P" W'1%$)2"O;P"I%&$/66%BN&*3C%2"N;"R;P"]/66/*1.2"O;"V;" f>,("
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[!;A Q/7.%$2"t;"L;P"N$'&(52"b;P"M&/176(2"V;"N;"fN"L,%&)"W$*$)/%.(6(+)/0("L5$),(./."%8"
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%8" DB2" GB" *$'" HB@DB*6456+*&7*1%56B!B1(),560/$56ABZB*6456%957($?%n7o83&*$."
*$'"),(/&"6(34%)&/($("MG"&(+(:)%&"*$)*-%$/.)/+"*+)/0/)5g"Org;"Biomol;"Chem;"20052"
32"D!D\BD!E\;"
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CHAPTER 5 
 
 
SYNTHETIC STUDIES ON MAOECRYSTAL V 
 
 
Introduction 
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L/$+(" !\ZY2" 1%&(" ),*$" HK" :6*$)." %8" ),(" -($3." Isodon" ,*0(" 7(($" (9*1/$('" 8%&"
7/%*+)/0(" +%$.)/)3($).;" L%1(" %8" ),(" $(=" .(+%$'*&5" 1()*7%6/)(." /.%6*)('" *$'" /'($)/8/('"
8&%1" ),(.(" .%3&+(." +%$./.)" %8" ,/-,65" '/0(&./8/('" %95-($*)('" .)&3+)3&(.!" .3+," *."
-(&*&'/*$/$"N2D"),("*67%*)/./$.2E"*$'"),(".+36:%$/$.;G"N"$317(&"%8"),(.("$*)3&*6":&%'3+)."
.,%=('" :%)($)" *$)/B)31%&" *+)/0/)/(." =,/+," 1*4(" ),(1" -%%'" 6(*'" 1%6(+36(." 8%&" ),("
'(0(6%:1($)" %8" *$)/+*$+(&" *-($).;" b$(" %8" ),(" 1%.)" +%1:6(9" 1%6(+36(." /.%6*)('" 8&%1"
-($3."Isodon"/."1*%(+&5.)*6"l"5.1;"@Figure 5–1AH"
"
"
Figure 5–1;"V*%(+&5.)*6"l"5.1;"
"
" V*%(+&5.)*6" l" 5.1" /." *" T!\" '/)(&:($%/'" +%$)*/$/$-" *" 3$/J3(" Y2ZB.(+%BYB$%&B
!H@[ \AB*7(%BH2[B(:%95BentB4*3&*$(".4(6()%$"=,/+,",*."./1/6*&".)&3+)3&*6"8(*)3&(.")%"
(:/B(&/%+*659/$"N"5.22"*"4$%=$"entB4*3&*$(;Y"@Figure 5–2A"V*%(+&5.)*6"l"=*."/.%6*)('"
8&%1"),("6(*0(."%8"Isodon eriocalyx"@O3$$;A"I*&*2"*":(&($$/*6",(&7"=/'(65"'/.)&/73)('"/$"
T,/$*;" >,/." ,(&7" ,*." 7(($" 6%$-" 3.('" *." 8%64" 1('/+/$(" 8%&" )&(*)1($)" %8" .%&(" ),&%*)2"
/$86*11*)/%$2"/$863($?*2",5:(&)($./%$2"*$'"'(&1*)%:,5)%./.;Z">,(".4(6()%$"%8"5.12 5.92"/."
DY!"
7(6/(0('")%",*0("*"./1/6*&"7/%.5$),()/+":*),=*5"*."1*%(+&5.)*6"i"5.6"=,/+,"/.".,%=$"/$"
Figure 5–3;" _3" ,*." :&%:%.('" ),(" 8%&1*)/%$" %8"5.1" 8&%1" ),(" +6(*0*-(" %8" ),("TBYeTBZ"
7%$'"%8"+%11%$65"%++3&&/$-"Z2DKB(:%95BentB4*3&*$("5.3 8%66%=('"75"%9/'*)/%$"*$'"*"
+%$.(J3($)"'(+*&7%956*)/%$;["
"
Figure 5–2;"W:/B(&/%+*659/$"N"5.2;
Figure 5–3;"" >,("<&%:%.('"M/%.5$),()/+"<*),=*5"8%&"),("L4(6()%$"%8"V*%(+&5.)*6"l"5.1"
*$'"V*%(+&5.)*6"i"5.6;"
"
" >,(" 7/%6%-/+*6" *+)/0/)5" %8" 5.1" =*." :*&)/*665" (0*63*)('" *$'" ),/." &(0(*6('" *"
&(1*&4*76(" .(6(+)/0(" +5)%)%9/+/)5" *-*/$.)" I(a*" +(66." =/)," *$" #THK" %8" K;KD" -e1a;"
T5)%)%9/+"*+)/0/)/(."%8"5.1"=(&("+%1:*&('" )%"cisB:6*)/$"*-*/$.)".(0(&*6"+*$+(&"+(66" 6/$(."
*$'"*&("/.".311*&/?('"/$"Table 5–1;H"
"
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Cell Line Origin IC50 ( g/mL) 
Maoecrystal V cis–Platin 
FHYD" +(&0/9"+*&+/$%1*" Y;GE"9"!KG" K;E["
NHG\" *60(%6*&"7*.*6"(:/),(6/*6"+*&+/$%1* D;YE"9"!KH" !;Y!"
MQTB[DE" -*.)&/+"+*&+/$%1*" !;GZ"9"!KG" K;DH"
I(a*" +(&0/9"+*&+/$%1*" K;KD" K;\\"
"
Table 5–1;"" T5)%.)*)/+"W88(+)."%8"V*%(+&5.)*6"l"*$'"cisB<6*)/$"%$"I31*$"
T*$+(&"T(66"a/$(.;
"
M(+*3.("%8" ),(" .)&3+)3&*6" +%1:6(9/)5" %8"5.1" +%3:6('"=/)," /)." 7/%6%-/+*6" *+)/0/)52"
.(0(&*6"&(.(*&+,"-&%3:."=(&(":&%1:)('")%"3$'(&)*4(".)3'/(."8%&"/).".5$),(./.;\BDZ">,("+%&("
.)&3+)3&(" 8%&" ),/."'/)(&:($%/'",*."7(($".5$),(./?('"(1:6%5/$-"1()*6B1('/*)('"*&56*)/%$"
*$'" %9/'*)/0(" '(*&%1*)/?*)/%$" *$'" *$" /$)&*1%6(+36*&" O/(6.BN6'(&" @#VONA" &(*+)/%$" *."
4(5".)(:.;\B!Z"N6.%2".(0(&*6"%),(&".5$),()/+"&%3)(."*&("7(/$-"(9:6%&('"8%&"),(".5$),(./."%8"
),/." /$)(&(.)/$-" $*)3&*6" :&%'3+)" /$+63'/$-" /$)&*1%6(+36*&" ,()(&%" O/(6.BN6'(&" &(*+)/%$"
@#VIONA2!["#VON"&(*+)/%$.2!\2DZ"+*&7%$56B7*.('"+5+6/?*)/%$.!\BDK"*$"/$)&*1%6(+36*&"!2HB
,5'&/'(".,/8)2D!"*$"N6'%6"&(*+)/%$2"DD"*$'"&,%'/31B+*)*65?('"TBI"83$+)/%$*6/?*)/%$;DZ">,("
4(5"'/.+%$$(+)/%$."*$'"),(/&".)&*)(-/(."8%&"),(".5$),(./."%8"5.1"*&(".311*&/?('"/$"Figure 
5–4;"
"
"
"
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Figure 5–4;"" >,(" F(5" O/.+%$$(+)/%$." *$'" L)&*)(-/(." 8%&" ),(" L5$),(./." %8" ),(" T%&("
L4(6()%$"%8"V*%(+&5.)*6"l"5.1;"
" "
" >,(" 8/&.)" )%)*6" .5$),(./." %8" @qAB1*%(+&5.)*6" l" =*." &(:%&)('" 75" `*$-" *$'" +%B
=%&4(&."/$"DK!K;DY"T*&7%1(),%956*)/%$"%$"($%$("5.10"8%66%=('"75"*$"%9/'*)/0("*&56*)/%$"
3./$-":6317*$("5.11"*88%&'('" B4()%(.)(&"5.12;">,("'/%6"5.132"8%&1('"8&%1"),("&('3+)/%$"
%8" 5.122" =*." +%3:6('" =/)," *+/'" 5.14; >&(*)1($)" %8" 5.14" =/)," >.XE" 8%66%=('" 75" *"
R,D@bN+AGB+*)*65?('" bBI" 7%$'" /$.(&)/%$" 6(*'" )%" 6*+)%$(" 5.15;" I%&$(&B]*'.=%&),B
W11%$."3./$-":,%.:,%$*)("@5.15A"*$'":*&*8%&1*6'(,5'("8%66%=('"75"*"'(:&%)(+)/%$"%8"
),("VbV"(),(&"6(*'.")%"),("8%&1*)/%$"%8":,($%6"5.16;"](..(65"%9/'*)/0("*+()%956*)/%$"%8"
5.16" *88%&'('".)*76("oBJ3/$%6"*+()*)(."=,/+,"=/),%3)":3&/8/+*)/%$"3$'(&-%"*$" #VON")%"
-/0(" 1/9)3&(" %8" *''3+)." 5.172" 5.182" *$'" 5.19;" >,(" *''3+)" 5.19" =*." 7&%1/$*)('" *$'"
.37.(J3($)65" )&(*)('"=/)," M3EL$I" )%" -($(&*)(" *$" *6656/+" &*'/+*6" ),*)" =*." )&*::('"=/),"
>WV<b;"R(-/%.(6(+)/0("&('3+)/0("+6(*0*-("%8"),("*''3+)"*88%&'('":&%'3+)"5.20;"a*.)652"
&(-/%.(6(+)/0(" ,5'&%-($*)/%$" 3./$-" ),(" a/$'6*&" +*)*65.)" 8%66%=('" 75" %9/'*)/%$" 3./$-"
O(..BV*&)/$" :(&/%'/$*$(" *$'" )&(*)1($)"=/),"OMS":&%0/'('" ),(" )*&-()" $*)3&*6" :&%'3+);"
@Scheme 5–1A"
"
"
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"
Scheme 5–1a" `*$-U.">%)*6"L5$),(./."%8"V*%(+&5.)*6"l"5.1 
 
aR(*-($)."*$'"+%$'/)/%$.^ @*A"TIEbTbDTIE2"X*I2>Id"@7A"5.112":5&;2"TIT6E2"[!c"
%0(&" D" .)(:." @+A"5.142" WOT62"OVN<2"OTV" @'A">.XE2"OMS" @(A"R,D@bN+AG2" <,I2" GKc"
%0(&" E" .)(:." @8A" tBM3bF2" @ITIbA$2" >Id" @-A" >dN2" OTV2" &)2" [Yc" %0(&" D" .)(:." @,A"
<7@bN+AG2"N+bI2" ),($"<,V(2" !GH" %T"ZYc" @D;EE^!^EA" @/A"a/$'6*&" +*);2"V(bI2">Id" @CA""
O(..BV*&)/$":(&/%'/$*$(2"OTV2"&)"@4A"OMS2")%63($(2"E\c"%0(&"E".)(:.;"
DYH"
L/1/6*&652"M*&*$U." .5$),(./."%8" ),("+*&7%$" .4(6()%$"%8"5.1\" /.":*&*66(6" )%"`*$-U."
.5$),(./.;"M*&)%$"*&56*)/%$"%8"5.21"=/),"5.22" 6('")%"),("8%&1*)/%$"%8"5.23;"R('3+)/%$"%8"
*6'(,5'("@5.23A" 8%66%=('"75"*+()56*)/%$"*$'"VbV"'(:&%)(+)/%$"*88%&'('" ),(",(1/4()*6"
5.24;"](..(65"%9/'*)/%$"%8"5.24"*88%&'('"1/9)3&("%8"'/*.)(&(%1(&/+"*+()*)("5.25"*$'"5.26 
=,/+," =*." ,(*)('" )%" !YH" %T" )%" 8%&1" endoB+5+6%*''3+)." 5.27" *$'" 5.282" &(.:(+)/0(65;"
I5'&%-($*)/%$" %8" ),(" 7/+56/+" %6(8/$."5.27" *$'"5.28" 8%66%=('" 75" *+()*)(" -&%3:" &(1%0*6"
3./$-"L1#D"-*0(" B"1(),56"4()%$("5.29"*."*"1/9)3&("%8"'/*.)(&(%1(&.;"
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"
"
"
"
"
"
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"
"
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Scheme 5–2a" M*&*$U."L5$),(./."%8"V*%(+&5.)*6"lU."T*&7%$"L4(6()%$"
"
aR(*-($)." *$'" +%$'/)/%$.^" @*A" 5.222" OMS2" <,V(2" YZc" @'&" p" Z^EA" @7A" <7@bN+AG2"
N+bI2"[!c"@5.25^5.262"Z^EA"@+A"oBOTM2"MI>2"!YH"%T"@5.272"Z\c"8&%1"5.252"5.282"Y\c"
8&%1"5.26A"@'A"ID2"<'eT2"W)bN+"@\Zc"8&%1"5.252"\\"8&%1"5.26A"@(A"L1#D2"V(bI2">Id2"K"
%T"@ZYc"'&"p"!Z^EA;"
"
Objective 
 
>,(":&/1*&5"%7C(+)/0("%8" ),/."=%&4"=*." )%".5$),(./?(" ),("+%&("%8"1*%(+&5.)*6"l"
5.1;"b3&" .)&*)(-/+" :6*$" 8%&" ),/." '/)(&:($%/'" $*)3&*6" :&%'3+)" /." ),(" 3.(" %8" *"O/(6.BN6'(&"
&(*+)/%$"%8"'/($("5.30"*$'"'/($($%:,/6("5.31 @Figure 5–5A;">,("O/(6.BN6'(&"*''3+)"5.32"
=%36'" 7(" +%$0(&)('" )%" )&/+56/+" ($%$(" 5.33" 3./$-" *$" (:%9/'*)/%$" *$'" /$)&*1%6(+36*&"
DYZ"
V/+,*(6"*''/)/%$"*."4(5".)(:.;"!2GBN''/)/%$2"($%6"(),(&" )&*::/$-2"*$'"%?%$%65./."=%36'"
-/0("&/.(")%"),("*'0*$+('"/$)(&1('/*)("5.34;"a*.)652"6*+)%$("5.34"=%36'"),($"7("+%$0(&)('"
)%"5.1"3./$-".(0(&*6"&(*+)/%$.".3+,"*."/$)&*1%6(+36*&"&/$-"+6%./$-"&(*+)/%$"*$'"%9/'*)/%$2"
&('3+)/%$2"*$'"'(:&%)(+)/%$"&(*+)/%$.;""
"
"
Figure 5–5."L5$),()/+"N::&%*+,"8%&"V*%(+&5.)*6"l"5.1;"
 
Results and Discussion 
 
L5$),(./." %8" )&/+56/+" 4()%$(" 5.33" &(J3/&(." '/($(" 5.30" 8%&" 3.(" /$" *" O/(6.BN6'(&"
&(*+)/%$;" L5$),(./." %8" '/($(" 5.30" 7(-/$." =/)," ),(" +%$0(&./%$" %8" trans–+&%)%$*6'(,5'("
5.35" )%" ),(" '/(),56*1/$%" 73)*'/($(" 5.37" 3./$-" ),(" 1(),%'" %8" I3$/-;D[" O/(6.BN6'(&"
&(*+)/%$"%8"5.37"=/),"(),56" *+&56*)(" 8%66%=('"75"*"I%881*$"(6/1/$*)/%$":&%0/'('"'/($("
(.)(&"5.38;D\">,("'/($("(.)(&"5.38"=*.".37C(+)('")%".(0(&*6"&('3+)/%$":&%)%+%6.P",%=(0(&"
6/),/31" *631/$31" ,5'&/'(" @aNIA" &('3+)/%$" *88%&'('" *6+%,%6" 5.30" /$" ),(" 7(.)" 5/(6'"
@ZGcA;EK" >,(" *6+%,%6" =*." ),($" :&%)(+)('" 3./$-" OVN<" *$'" >MLT6" )%" .5$),(./?(" ./656"
(),(&"5.30;"@Scheme 5–3A"
"
"
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Scheme 5–3a" L5$),(./."%8"O/($("5.30"
aR(*-($)."*$'"+%$'/)/%$.^"@*A"FDTbE2"IXW)D2"W)Db2"K"%T")%"&)2"D!","@7A" 2"Y!c"@+A"i;"
(),56"*+&56*)(2"GK"%T2"G[",2 ii;"V(#2"OTV2"&)2"![", iii;"OMS2"OTV2"K"%T")%"&)2"DE",2"HZc2"
@'A"aNI2"N6T6E">Id2"K"%T")%"&)2"DE",2"ZGc2"@(A">MLT62"OVN<2"OTV2"&)2"!\",2"YYc;"
"
" >,(" tertB73)56'/1(),56./656" :&%)(+)('" *6+%,%6"5.30" *$'" $/)&%7($?%*)(" '/($%:,/6("
5.402" .5$),(./?(' 8&%1"($%6*)(" )&*::/$-"%8"D2EB73)*'/%$("=/),"pB$/)&%7($?%56" +,6%&/'(2"
=*." .37C(+)('" )%" *" ),(&1*6" O/(6.BN6'(&" &(*+)/%$;" L(0(&*6" +%$'/)/%$." =(&(" 0*&/('" 8%&"
%:)/1/?*)/%$"@Table 5–2A"*$'" ),("&(*+)/%$"+%$'3+)('" /$"'/+,6%&%(),*$("@OTWA"*)" &(8639"
.,%=('" *" E[c" 5/(6'" %8" ),(" O/(6.BN6'(&" :&%'3+)." 5.41" *$'" 5.42 @!^DA;" >,(.(" :&%'3+)."
+%36'" 7(" .(:*&*)('" 75" ./6/+*" -(6" +,&%1*)%-&*:,5;" >,(" &(6*)/0(" .)(&(%+,(1/.)&5" %8" 7%),"
*64($(."5.41"*$'"5.42"=(&("(.)*76/.,('"7*.('"%$"'()*/6('"*$*65./."%8"X3+6(*&"b0(&,*3..(&"
W88(+)"L:(+)&%.+%:5" @XbWL`A;">,("4(5"XbWL`"+%&&(6*)/%$."%8" *64($(."5.41" *$'"5.42 
*&(".,%=$"/$"Figure 5–6;"
DY\"
Entry Solvent Time t Additive Yield 
!" )%63($(" DG"," !!K"%T" ,5'&%J3/$%$(" DEc"@!^!HA"
D" )%63($(" DG"," !HK"%T" ,5'&%J3/$%$(" DZc"@!^E;HA"
E" OTW" DG"," &(8639" $%$(" E[c"@!^DA"
>,("&*)/%."=(&("'()(&1/$('"(/),(&"),&%3-,"XVR"%&"/.%6*)('"&*)/%;"
Table 5–2;  O/(6.BN6'(&" R(*+)/%$" %8" ),(" tertBM3)56'/1(),56./656" <&%)(+)('"
N6+%,%6"5.30 *$'"X/)&%7($?%*)("O/($%:,/6("5.40; 
Figure 5–6;">,("F(5"XbWL`"T%&&(6*)/%$"%8"5.41 *$'"5.42;"
"
R(.37C(+)/$-" ),(" O/(6.BN6'(&" :&%'3+)." 5.41" *$'" 5.42" .(:*&*)(65" =/)," ),(" .*1("
+%$'/)/%$."/$"Entry 3"%8"Table 5–2".3--(.)."),*)"),("+5+6%*''/)/%$"/."$%)"&(0(&./76(2"*."$%"
(J3/6/7&*)/%$"=*."%7.(&0(';"T*&7(&&5"*6.%"(9:6%&('"./1/6*&"a(=/."*+/'"+*)*65?('"O/(6.B
N6'(&"&(*+)/%$.",%=(0(&"=/),"a(=/."*+/'."),("&(*+)/%$"(/),(&"6('")%"),("'(+%1:%./)/%$"%8"
),(".)*&)/$-"1*)(&/*6."%&"$%"&(*+)/%$"*)"*66;E!"
N6.%2"),("8&(("*$'">MLB:&%)(+)('"'/($("*6+%,%6"5.39 *$'"5.302"&(.:(+)/0(652"=(&("
.37C(+)('" )%"*"O/(6.BN6'(&"*''/)/%$"=/),"*">VLB:&%)(+)('"'/($%:,/6(",%=(0(&"$%$("%8"
),("'(./&('"O/(6.BN6'(&"*''3+)."5.442"5.452"5.462"*$'"5.47"=(&("%7.(&0(';"@Scheme 5–4A"
O/(6.BN6'(&"&(*+)/%$"7()=(($"5.39"*$'"5.43"&(.36)('")%"),("'(+%1:%./)/%$"%8"),(".)*&)/$-"
DZK"
1*)(&/*6.;"b$"),("%),(&",*$'2">MLB:&%)(+)('"'/($("*6+%,%6"5.30"=*."&(+%0(&('"8&%1"),("
:3&/8/+*)/%$"%8"),("&(*+)/%$"1/9)3&("%8"),("+56%+*''/)/%$"&(*+)/%$"7()=(($"5.30"*$'"5.43;"
I%=(0(&2"$%"'/($%:,/6("5.43"=*."&(+%0(&('"=,/+,":%../765"=*.",5'&%65?('"7*+4")%"),("
0%6*)/6("D2EB73)*'/%$(;"
 
Scheme 5–4a >,(&1*6"O/(6.BN6'(&"R(*+)/%$"%8"d&((" *$'">MLB<&%)(+)('"O/($("
N6+%,%6"=/),"O/($%:,/6("5.43"
"
aR(*-($)."*$'"+%$'/)/%$.^"@*A")%63($(2"!!K"%T2"DG","@7A")%63($(2"&(86392"DK",;"
"
" >,("$/)&%7($?%*)("-&%3:"%8"),("*64($("5.41"=*.",5'&%65?('"=/),"FDTbE"/$"V(bI"
)%"*88%&'"*6+%,%6"5.48;"@Scheme 5–5A">,("*6+%,%6"5.48 =*.".37C(+)('")%"*$"(:%9/'*)/%$"
&(*+)/%$" 3./$-"mBT<MN"=,/+," &(.36)('" /$" *"1/9)3&(" %8" /$.(:*&*76(" (:%9/'(."5.49" *$' 
5.50"/$"!Zc"5/(6'"=/),"*"&*)/%"%8"!;\^!;"N6)(&$*)/0(652"*6+%,%6B'/&(+)('"(:%9/'*)/%$"3./$-"
lb@*+*+AD"=/),"tBM3bbI"*88%&'('"%$65"(:%9/'("5.50;">,("&(6*)/0(".)(&(%+,(1/.)&5"=*."
*6.%"(.)*76/.,('"3./$-"*"DO"XbWL`"(9:(&/1($)"*$'"),("4(5"+%&&(6*)/%$."%8"(:%9/'("5.44"
/.".,%=$"/$"Figure 5–7; 
DZ!"
Scheme 5–5a" L)(&(%.(6(+)/0("L5$),(./."%8"W:%9/'("5.50"
"
aR(*-($)."*$'"+%$'/)/%$.^"@*A"FDTbE2"V(bI2"&)2"HK",2"GGc"@7A"mBT<MN2"X*ITbE2"
OTV2"K"%T")%"&)2"DG",2"!Zc"@!;\^!A"@+A"lb@*+*+AD2"tBM3bbI2"OTV2"&)2"!H",2"HKc;"
Figure 5–7;">,("F(5"XbWL`"T%&&(6*)/%$"%8"5.50;"
W:%9/'(" %:($/$-" %8" 5.44 =*." *))(1:)('" 3./$-" .(0(&*6" $3+6(%:,/6(." =,/+," *&("
.311*&/?('" /$"Table 5–3;" I%=(0(&2" /$" $%" +*.(" $%" '(./&('" :&%'3+)." @5.48B5.51A"=(&("
%7.(&0(';">,("&(*+)/%$"%8"),("(:%9/'("5.44"*88%&'('"*"+%1:6(9"%8"1/9)3&(;"b$"),("%),(&"
,*$'2".)*&)/$-"1*)(&/*6"=*."&(+%0(&('"8&%1"),("&(*+)/%$"%8"5.44"=/),"X*TX;"
DZD"
Entry Nucleophile Solvent t Time Products Yield 
!" TIEN6T6D" OTV" &)" ![","
"
Kc"
D" X*TX" >Id" ZK"%T" DE","
"
Kc"
Table 5–3;" W:%9/'("b:($/$-"%8"5.50; 
M(+*3.("%8"),("6%="&(*+)/0/)5"%8"),("(:%9/'("5.50")%".(0(&*6"$3+6(%:,/6(.2"*"1%'(6"
.5.)(1"=*."'(./-$('" )%" (9:6%&(" ),(":%../7/6/)5"%8" .5$),(./?/$-" ),(" )&/+5+6/+" .4(6()%$"%8"
1*%(+&5.)*6"l"5.1;">,("&()&%.5$),()/+"*$*65./."/$"Figure 5–8 .,%=."),(".5$),()/+".)&*)(-5"
8%&" 1%'(6" .5.)(1" 5.57;" >,(" 1%'(6" .5.)(1" 5.57" +*$" 7(" .5$),(./?('" 8&%1" B,5'&%95"
4()%$("5.58;" >,/." 4()%$(" +*$" +%1(" 8&%1" 6*+)%$("5.59" ),&%3-," *$" /$)&*1%6(+36*&"N6'%6"
&(*+)/%$;"N" !2GB*''/)/%$" %8" ),(" 3$.*)3&*)('" 4()%$("5.60" *$'" '/),/*$("5.61" 8%66%=('" 75"
)&*::/$-"%8"($%6"(),(&"*$'"%?%$%65./."=%36'"*88%&'"),("6*+)%$("5.59;"
"
DZE"
"
Figure 5–8."R()&%.5$),()/+"N$*65./."8%&"),("V%'(6"L5.)(1"8%&"V*%(+&5.)*6"l"5.1;"
"
>,(".5$),(./."%8" ),("3$.*)3&*)('"4()%$("5.60" +%11($+('"3./$-" ),("O/(6.BN6'(&"
*''/)/%$"%8"),("'/($("5.39"*$'"),("'/($(%:,/6("5.62;@Figure 5–11)">,(":&%)(+)/$-"-&%3:"
%8"),("'/($%:,/6("=*."+,*$-('"8&%1"$/)&%7($?%*)("-&%3:"@5.40A")%")&//.%:&%:56./656"-&%3:"
@5.62A" )%"(0*63*)(" /)." &(*+)/0/)5"=/),"5.39" )%=*&'."O/(6.BN6'(&" &(*+)/%$;">,("'/($%:,/6("
=*.".5$),(./?('"3./$-">#<Lb>8"*$'"W)EX;"L(0(&*6"*))(1:).")%".5$),(./?("5.62"8&%1"),("
6(.." (9:($./0(" >#<LT6" *$'" 0*&/%3." 7*.(." =(&(" *6.%" (9:6%&('" ,%=(0(&" $%$(" %8" =,/+,"
5/(6'('"'(./&('"'/($%:,/6(;@Table 5–4)"
"
"
"
"
"
"
"
"
"
"
"
DZG"
Entry Base Solvent t Additives TIPS source Yield 
!" X*I" >Id" [K"%T" >VWON" >#<LT6" K"c"
D" X*IVOL" >Id" BZ["%T")%"K"%T" >VWON" >#<LT6" K"c"
E" W)EX2"X*IVOL" >Id" BZ["
%T" B" >#<LT6" K"c"
G" W)EX2"FIVOL" >Id" BZ["%T" B" >#<LT6" K"c"
H" W)EX" >Id" K"%T")%"&)" B" >#<Lb>8" G["c"
"
Table 5–4;"" L5$),(./."%8"),("O/($%:,/6("5.69;"
"
" >,("+5+6%*''/)/%$"%8"5.39"*$'"5.622",%=(0(&2"*88%&'('"*$"/$.(:*&*76("1/9)3&("%8"
*64($(."5.63"*$'"5.64 =/),"*"6%="5/(6'"%8"!Hc =/),"),("($'%":&%'3+)"5.63"*."),("1*C%&"
:&%'3+);"
"
Scheme 5–6a" O/(6.BN6'(&"R(*+)/%$"M()=(($"O/($("5.39"*$'"O/($%:,/6("5.62 
"
aR(*-($)."*$'"+%$'/)/%$.^"@*A")%63($(2"![K"%T2"!Z",2"!Hc"@G;!^!A;"
"
b9/'*)/%$"%8"*6+%,%6."5.63 *$'"5.64"3./$-"<TT"8%66%=('"75":*66*'/31B+*)*65?('"
,5'&%-($*)/%$"*88%&'('"*64*$("*6'(,5'("5.68;"@Scheme 5–7A"N6'%6"&(*+)/%$"%8"5.68"=/),"
FbI"=*."*))(1:)('",%=(0(&"8%&1*)/%$"%8"),("3$.*)3&*)('"4()%$("5.55"=*."$%)"%7.(&0(';"
X%" .)*&)/$-"1*)(&/*6"=*." &(+%0(&('" 8&%1" ),/." &(*+)/%$P",%=(0(&2" !I"XVR"%8" ),(" +&3'("
1/9)3&(" .3--(.)." ),(" 8%&1*)/%$"%8" ),(" B,5'&%95"4()%$(2" ),(" /$)(&1('/*)("%8" ),("N6'%6"
&(*+)/%$;"
DZH"
Scheme 5–7" L5$),(./."%8"S$.*)3&*)('"F()%$("5.60;"
"
"
aR(*-($)."*$'"+%$'/)/%$.^"@*A"<TT2".Ü6/+*"-(62"OTV2"&)2"G",2"[!c"@G;!^!A"@7A"<'eT2"ID2"
W)bI2"&)2"D",2"DEc"@+A"FbI2">Id^IDb2"[K"%T2"DD",;"
" "
L(0(&*6" %),(&" +%$'/)/%$." =(&(" (9:6%&('" )%" *))(1:)" )%" .5$),(./?(" ),(" )&/+56/+" ($%$("
5.60",%=(0(&2"$%$("%8"),("*))(1:)."=(&(".3++(..836;">,(.("+%$'/)/%$."*&(".311*&/?('"/$"
Table 5–5;"R(*+)/%$"+%$'/)/%$."@Entry 1"*$'"3A"&(.36)('")%"'(+%1:%./)/%$"%8"),(".)*&)/$-"
1*)(&/*6"%&"8%&1*)/%$"%8"+%1:6(9"1/9)3&(.;"b$"),("%),(&",*$'2"&(*+)/%$"+%$'/)/%$"3./$-"
:%)*../31"+*&7%$*)("/$"tB73)56"*6+%,%6"@Entry 2A"1*5",*0("&(.36)('")%"),("8%&1*)/%$"%8"
5.69"./1/6*&")%"),("&(*+)/%$"3./$-":%)*../31",5'&%9/'("/$">Id^IDb;"
DZY"
Entry Base Solvent Time t Yield 
!" FbI" >Id^IDb DD"," [K"%T" K"c"
D" OMS" OVd" GD"," HK"%T" K"c"
E" FDTbE" tBM3bI !Y"," &(8639" K"c"
G" aON" >Id" D"," BZ["%T")%"&)" K"c"
Table 5–5."" L5$),(./."%8"),(">&/+5+6/+"W$%$("5.60;"
Conclusion and Future Work 
"
V*%(+&5.)*6" l" 5.1" /." *" '/)(&:($%/'" /.%6*)('" 8&%1" ),(" 6(*0(." %8" T,/$(.(" ,(&7"
Isodon"eriocalyx;">,("$*)3&*6":&%'3+)"5.1"+%$)*/$."Y2ZB.(+%BYB$%&B!H@[ \AB*7(%BH2[B
(:%95BentB4*3&*$(".4(6()%$;"#$"*''/)/%$2"5.1".,%=('".(6(+)/0("+5)%)%9/+/)5"*-*/$.)"I(a*"
+(66.;"M(+*3.("%8"),("/$)(&(.)/$-".)&3+)3&*6"8(*)3&("%8"5.1"*."=(66"*."/)."7/%6%-/+*6"*+)/0/)52"
.(0(&*6" &(.(*&+," -&%3:."=(&(" :&%1:)('" )%" 3$'(&)*4(" .)3'/(." 8%&" /)." .5$),(./.;" >,(" 8/&.)"
&(:%&)('" )%)*6" .5$),(./." %8" 5.1" =*." &(:%&)('" /$" DK!K" *$'" (1:6%5('"](..(65" %9/'*)/0("
'(*&%1*)/?*)/%$2"/$)&*1%6(+36*&"O/(6.BN6'(&"&(*+)/%$"*$'"&,%'/31B+*)*65?('"bBI"7%$'"
/$.(&)/%$"*."4(5".)(:.;"
" >,(".5$),(./."%8"),("+%&("%8"),("$*)3&*6":&%'3+)"5.1"=*."(9:6%&(';"N))(1:)."=(&("
1*'(")%".5$),(./?("),("'(./&('"*'0*$+('"/$)(&1('/*)(")&/+56/+"4()%$("5.33"3./$-"*"O/(6.B
N6'(&" &(*+)/%$"=/),"'/($("5.30" *$'" ),("$/)&%7($?%*)("'/($%:,/6("5.40;">,("O/(6.BN6'(&"
&(*+)/%$":&%0/'('"*"1/9)3&("%8".(:*&*76("*''3+)."5.41"*$'"5.42"/$"=,/+,"),("6(.."'(./&('"
*''3+)"5.42" /." ),("1*C%&":&%'3+);"b),(&"'/($(".3+,"*."5.39"*$'"'/($%:,/6(".3+,"*."5.43"
=(&("*6.%"(9:6%&('",%=(0(&" ),(.(" &(.36)('" /$" ),(" &(+%0(&5"%&",5'&%65./."%8" ),(" .)*&)/$-"
DZZ"
1*)(&/*6;">,("*''3+)"5.41 =*.",5'&%65?(' )%"*6+%,%6"5.48"*$'"=*.".37C(+)('")%"*$"*6+%,%6"
'/&(+)('"(:%9/'*)/%$"*88%&'('"5.50;"W:%9/'("%:($/$-"%8"5.50"3./$-"'/88(&($)"$3+6(%:,/6(."
=(&("*))(1:)('",%=(0(&2"/$"$%"+*.("(:%9/'("%:($/$-"=(&("%7.(&0(';"
" "M(+*3.("%8"),("6%="&(*+)/0/)5"%8"),("(:%9/'("5.502"*"1%'(6".5.)(1"=*."'(./-$('"
)%"(9:6%&("),(":%../7/6/)5"%8".5$),(./?/$-"),(")&/+5+6/+".4(6()%$"%8"1*%(+&5.)*6"l"5.1;">,("
+5+6%*''/)/%$"7()=(($"'/($("*6+%,%6"5.39"*$'"'/($%:,/6("5.62":&%0/'('"*''3+)."5.63"*$'"
5.64;" <TT" %9/'*)/%$" 8%66%=('" 75" ,5'&%-($*)/%$" *88%&'('"5.68;" >,(" 4()%*6'(,5'("5.68"
=*." .37C(+)('" )%" .(0(&*6" +%$'/)/%$." 8%&" N6'%6" &(*+)/%$;" I%=(0(&2" $%" '(./&('" )&/+56/+"
($%$(" 5.60" =(&(" 8%&1('" 73)" /$" .%1(" +*.(." ),(" :%../76(" 8%&1*)/%$" %8" ),(" B,5'&%95"
4()%$("5.69"=(&("%7.(&0(';"
" >,("83)3&("=%&4"/$0%60(."),(".5$),(./."%8"),("'(./&('")&/+5+6/+"5.60"*$'"/)."3.("/$"
),(" .5$),(./." %8"1%'(6" .5.)(1"5.57;" @Figure 5–9A" #$" *''/)/%$2" ),(.(" +%1:%3$'."=%36'"
),($"7(")(.)('"8%&")%9/+/)5"*-*/$.)"+*$+(&"+(66"6/$(.;"
Figure 5–9."" L5$),(./."%8">&/+5+6/+"5.60;"
Experimental Section 
General Experimental Procedure 
 
Reactions: W9+(:)" *." %),(&=/.(" $%)('2" &(*+)/%$." =(&(" +*&&/('" %3)" 3$'(&" *$" *&-%$"
*)1%.:,(&("(/),(&"/$"*$"%0($B"%&"86*1(B'&/('"-6*..=*&(;"d6*.4."=(&("86*1("'&/('"3$'(&"
0*+331;" <5&/'/$(2" )%63($(2" *$'" )&/(),56*1/$(" =(&(" '/.)/66('" 8&%1" +*6+/31" ,5'&/'(;"
R(*+)/%$" .%60($)." =(&(" '&/('" 75" *" .%60($)" :3&/8/+*)/%$" *::*&*)3." @7($?($(2"
'/+,6%&%1(),*$(" @OTVA2" )()&*,5'&%83&*$" @>IdA2" '/(),56(),(&A" 3./$-" *631/$*" *." ),("
'&5/$-"*-($);" 
DZ["
Methods: N$*65)/+*6" ),/$" 6*5(&" +,&%1*)%-&*:,5" @>aTA" =*." :(&8%&1('" 3./$-" DHK" 1"
+%11(&+/*6"./6/+*"-(6":6*)(."@WVO"T,(1/+*6.2"./6/+*"-(6"YK"dDHGA"*$'"0/.3*6/?('"75"Sl"
/6631/$*)/%$" %&" 75" (9:%.3&(" )%" :%)*../31" :(&1*$-*$*)(" %&" pB*$/.*6'(,5'(" .%63)/%$"
8%66%=('" 75" ,(*)/$-" 3./$-" *" ,(*)" -3$;" d6*.," +,&%1*)%-&*:,5" =*." +*&&/('" 3./$-"
+%11(&+/*665"*0*/6*76("GKBYK" 1"./6/+*"-(6"@L/6/+5+6(A;"
"
Identity:" V(6)/$-" :%/$)." =(&(" &(+%&'('" 3./$-" *$" W6(+)&%),(&1*6Å" V(6)/$-" <%/$)"
N::*&*)3." /$"%:($"+*:/66*&/(."*$'"*&("3$+%&&(+)(';" #$8&*&('".:(+)&*"=(&("%7)*/$('"3./$-"
>,(&1%" X/+%6()" #R!KK" *$'" #RDKK" .:(+)&%1()(&.;" <&%)%$" *$'" +*&7%$" $3+6(*&" 1*-$()/+"
&(.%$*$+("@!I"*$'"!ET"XVRA"=(&(" &(+%&'('"3./$-"M&34(&"O<_BEKK".:(+)&%1()(&;">,("
XbWL`".:(+)&*"=(&("&(+%&'('"3./$-"M&34(&"OR_BHKK".:(+)&%1()(&;"T,(1/+*6".,/8)."*&("
&(:%&)('" /$" '(6)*" @ A" 3$/).2" '%=$8/(6'" 8&%1" )()&*1(),56./6*$(" @>VLA" =/)," &(8(&($+(" )%"
TOT6E" .%60($)" ./-$*6" @!I2" Z;DYP" !ET2" ZZ;DEA" T%3:6/$-" +%$.)*$)." *&(" &(:%&)('" /$" I(&)?"
@I?A;"W6(+)&%$"/1:*+)"*$'",/-,B&(.%63)/%$"1*..".:(+)&*"=(&("%7)*/$('"8&%1"*"M&34(&"!D"
N<W_"Bk("d>#TRBVL"/$.)&31($)"=/),"*$"N:%66%"##"/%$".%3&+("/$"),("T%66(-("%8"L+/($+("
V*C%&"#$.)&31($)*)/%$"@TbLV#TA"*)"b6'"O%1/$/%$"S$/0(&./)5"*)"X%&),8%642"lN"DEHD\;"
"
Experimental 
"
"
 
(E)–N,N–diethylbuta–1,3–dien–1–amine (5.37)  
 
Lit;"Ref;^" I3$/-2"L;P"F*,*$(42"I;"Chem;"Ber;"19572"902"DE[BDGH;"
"
<%)*../31" +*&7%$*)(" @E;EG" -2" DG;!" 11%6A" =*." :6*+('" /$" *" 86*1(B'&/('" &%3$'" 7%))%1"
86*.4;" >,(" 86*.4" =*." +%%6('" )%" K" %T" 3./$-" *$" /+(eIDb" 7*),;" O/(),56*1/$(" @!\;[\"1a2"
!\E;!" 11%6A" =*." *''('" )%" :%)*../31" +*&7%$*)(" 8%66%=('" 75" *" .%63)/%$" %8" transB
+&%)%$*6'(,5'(" @[;KK"1a2" \Y;Y"11%6A" /$" '/(),56" (),(&" @!K"1aA;">,(" &(.36)/$-" &(*+)/%$"
1/9)3&("=*."*66%=('")%"=*&1")%"&);"N8)(&"*::&%9/1*)(65"D!",2" ),("&(*+)/%$"1/9)3&("=*."
8/6)(&('" *$'" +%$+'" 3$'(&" &('3+('" :&(..3&(;" <3&/8/+*)/%$" 3./$-" 0*++331" '/.)/66*)/%$"
@8&*+)/%$."8&%1"EHBGK"%TA"*88%&'('"5.37"@Z;EY"-2"Y!cA"*."*$"%/6;"
DZ\"
5.37;"!I"XVR"@EKK"VI?2"TOT6EA" Y;D!"B"Y;EG"@12"DIA2"H;KE"@''2"J"p"!K;Z2"D;Z"I?2"!IA2"
G;Z!"@''2"J"p"!G;Z2"D;K"I?2"!IA2"G;GH"@''2"J"p"[;K2"D;!"I?2"!IA2"K;\\B!;!H"@12"!DIA;""
"
"
"
Ethyl cyclohexa–1,3–dienecarboxylate (5.38) 
"
Lit;"Ref;^" O(6*$52"t;"t;2"###P"M(&+,)%6'2"Q;"N;"J;"Org;"Chem;"19882"532"EDYDBEDYH;"
"
W),56"*+&56*)("5.70"@Z;Y["1a2"ZK;Y"11%6A"=*."*''('")%"'/($("5.37"@Z;EY"-2"H[;["11%6A"/$"
*$" %0($B'&/('" &%3$'" 7%))%1" 86*.4;" >,(" $(*)" .%63)/%$" =*." =*&1('" )%" GK" %T;" N8)(&"
*::&%9/1*)(65" G["," ),(" &(*+)/%$"=*." +%%6('" )%" &)" *$'" )*4($"3:" /$"OTV" @DH"1aA;"V(#"
@![;EK"1a2" D\G;K"11%6A"=*." ),($" *''(';"N8)(&" ![" ,2" ),(" &(*+)/%$"1/9)3&("=*." +%$+'"
3$'(&"&('3+('":&(..3&(2"),("+%$+'"&(./'3("=*."'/..%60('"/$"OTV"@\K"1aA"*$'"+%%6('")%"
K" %T;"OMS"@!Z;H\"1a2"!!Z;Y"11%6A"=*."*''('" /$"*"'&%:=/.(" 8*.,/%$"*$'" ),(".%63)/%$"
=*."*66%=('")%"=*&1")%"&);"N8)(&"DE",2"),("&(*+)/%$"=*."J3($+,('"75"*''/$-"IT6".%63)/%$"
@!K"1a2" !"VA" *$'"=*." (9)&*+)('" ),&/+("=/),"OTV;"N66" %&-*$/+" 6*5(&."=(&(" +%66(+)('2"
+%17/$('2" '&/('" %0(&" .%'/31" .368*)(" *$'" +%$+'" 3$'(&" &('3+('" :&(..3&(;" O/.)/66*)/%$"
3$'(&",/-,"0*+331":&%0/'('"'/($("5.38"@H;!!"-2"HZcA"*."*$"%/6;"
5.38;" !I"XVR"@EKK"VI?2"TOT6EA" Y;\\BZ;KK" @12"!IA2"Y;!!BY;!Z" @12"!IA2"Y;KEBY;K\"
@12"!IA2"G;D!"@'J2"J"p"Z;K2"K;Z"I?2"DIA2"D;GDBD;G\"@12"DIA2"D;DDBD;EK"@12"DIA2"!;EK"@'''2"
J"p"Y;G;"G;G2"K;Z"I?2"GIA;""
"
"
"
"
"
"
"
"
"
D[K"
"
"
Cyclohexa–1,3–dienylmethanol (5.39) 
 
Lit;"Ref.^" <*&?/*6(2"<;"N;P"M(&.%$2" t(&%1("N;"J;"Am;"Chem;"Soc;"19912"1132" GH\HB
GYKY;""
"
>Id"@YE"1aA"=*.":6*+('"/$"*"86*1("'&/('"&%3$'"7%))%1"86*.4;"a/),/31"*631/$31",5'&/'("
@G;GZ" -2" !!!;\" 11%62" \HcA" =*." ),($" *''('" /$" .(0(&*6" :%&)/%$.;" >,(" .3.:($./%$" =*."
+%%6('")%"K"%T"3./$-"/+(eIDb2"*$'"*631/$31"+,6%&/'("@H;!H"-2"E[;Y"11%6A"=*."*''('"/$"
.(0(&*6":%&)/%$.;"N8)(&"EK"1/$;2"(.)(&"5.38"@H;!!"-2"EE;Y"11%6A"=*."*''('"'&%:=/.(;">,("
&(.36)/$-" .%63)/%$" =*." *66%=('" )%" =*&1" )%" &);" N8)(&" *::&%9/1*)(65" DG" ,2" ),(" &(*+)/%$"
1/9)3&("=*."+%%6('")%"K"%T;">,("&(*+)/%$"=*."J3($+,('"75"*''/$-"+%%6('"IDb"@!H"1aA2"
X*bI"@!H"1a2"!HcA"*$'"IDb"@H"1aA".(J3($)/*665"/$"*"'&%:=/.("8*.,/%$;EK">,("&(*+)/%$"
1/9)3&("=*."),($"8/6)(&('"),&%3-,"+(6/)("*$'"),("8/6)&*)("=*."'&/('"%0(&"1*-$(./31".368*)("
*$'"+%$+'"3$'(&"&('3+('":&(..3&(")%"*88%&'"*6+%,%6"5.39"@D;ZH"-2"ZGcA"*."*"6/-,)"5(66%="
%/6;"
5.39;"!I"XVR"@EKK"VI?2"TOT6EA" "H;[ZBH;\Y"@12"DIA2"H;ZDBH;[K"@12"!IA2"G;!!"@'2"J"p"
G;\"I?2"DIA2"D;!DBD;DY"@12"GIA;""
"
tert–Butyl–(cyclohexa–1,3–dienylmethoxy)–dimethyl–silane (5.30) 
 
#$" *" 86*1(" '&/('" &%3$'" 7%))%1" 86*.42" *6+%,%6" 5.39" =*." '/..%60('" /$" OTV" @G;HG"1aA;"
O//.%:&%56(),56*1/$("@!;!!"1a2"Y;EY"11%6A"=*."*''('")%"),(".%63)/%$"'&%:=/.("8%66%=('"
75"GB'/1(),56*1/$%:5&/'/$("@K;KE"-2"K;DE"11%6A;"N8)(&".(0(&*6"1/$3)(."%8".)/&&/$-2"tertB
73)56'/1(),56./656" +,6%&/'(" @K;[D" -2" H;GH" 11%6A" =*." *''('" /$" .(0(&*6" :%&)/%$.;" N8)(&"
*::&%9/1*)(65" !\" ,2" ),(" &(*+)/%$"1/9)3&("=*." +%$+'" 3$'(&" &('3+('" :&(..3&(;" IDb" @!K"
1aA"=*."*''('")%"),("&(./'3("*$'"),("1/9)3&("=*."(9)&*+)('"=/),"OTV"@E"9"!K"1aA;"N66"
D[!"
%&-*$/+" 6*5(&." =(&(" +%66(+)('2" +%17/$('2" '&/('" %0(&" .%'/31" .368*)(2" *$'" +%$+'" 3$'(&"
&('3+('":&(..3&(;"<3&/8/+*)/%$"3./$-"86*.,"+%631$"+,&%1*)%-&*:,5"=/),"Hc"(),56"*+()*)("
/$",(9*$("*88%&'('"5.30 @K;YZ"-2"YYcA"*."*"+6(*&"%/6;"
5.30;">aT"Rf"p"K;Z!"@,(9*$(^(),56"*+()*)(2"\Z^EAP"#R"@$(*)A"EKE\2"D\HH2"D[HG2"!DHD2"!K\G2"
[EZ"+1B!P"!I"XVR"@EKK"VI?2"TOT6EA" "H;[HBH;\G"@12"DIA2"H;Y[BH;ZG"@12"!IA2"G;!D"@.2"
DIA2" D;!YBD;DE" @12" DIA2" D;KHBD;!!" @12" DIA2" K;\D" @.2" \IA2" K;K[" @.2" YIAP" !ET"XVR" @ZH"
VI?2"TOT6EA" "!E[;H2"!DH;!2"!DG;H2"!![;!2"YY;E2"DY;!2"DE;H2"DD;[2"![;Y2"BH;!;"
"
"
 
4–Nitro–benzoic acid 2–acetyl–1–(tert–butyl–dimethyl–silanyloxymethyl)–
bicyclo[2.2.2]oct–5–en–2–yl ester (5.41 and 5.42) 
"
#$" *" 86*1(B'&/('" &%3$'" 7%))%1" 86*.42"5.30" @K;G\" -2" D;!["11%6A" *$'"5.40" @K;ZZ" -2" E;DZ"
11%6A"=(&("'/..%60('"/$"*$,5'&%3."OTW"@D;DK"1aA;">,(".%63)/%$"=*.",(*)('")%"&(8639"
8%&"G[",;">,(" &(*+)/%$"1/9)3&("=*."*66%=('" )%"+%%6" )%" &)" *$'"=*."+%$+'"3$'(&" &('3+('"
:&(..3&(;"<3&/8/+*)/%$"3./$-"86*.,"+%631$"+,&%1*)%-&*:,5"=/),"Z;HB!Kc"(),56"*+()*)("/$"
,(9*$(" *." (63($)"-*0("5.41 @K;!E"-2"!EcA"*$'"5.42" @K;DH"-2" DHcA"7%)," *." 6/-,)"5(66%="
+&5.)*6.;"
5.41;" 1;:;" p" !GD;HB!GH;K" %T" @TIT6EAP" >aT" Rf" p" K;HZ" @,(9*$(^(),56" *+()*)(2" G^!AP" #R"
@8/61A"E!HH"D\G[2" D[H[2" !ZK\2" !HDY2" !EKE2" !!KK" +1–!P" !I"XVR" @EKK"VI?2"TOT6EA" "
[;D[B[;ED"@12"DIA2"[;!GB[;!["@12"DIA2"Y;GE"@''2"J"p"[;!2"Y;H"I?2"!IA2"Y;KZBY;!K"@12"!IA2"
G;KZ"@'2"J"p"!K;G"I?2"!IA2"E;[!"@'2"J"p"!K;G"I?2"!IA2"D;YHBD;ZK"@12"DIA2"D;!Z"@.2"EIA2"
!;ZHB!;ZZ" @12" !IA2" !;YK" @')2"J" p" !G;\2" E;Z"I?2" !IA2" !;D!B!;E\" @12" DIA2" !;KGB!;!G" @12"
!IA2"K;[["@.2"\IA2"K;KZ"@.2"EIA2"K;KH"@.2"EIAP"!ET"XVR"@ZH"VI?2"TOT6EA" "DKH;\2"!YG;E2"
!HK;\2" !EH;\2" !EH;Z2" !ED;D2" !E!;K2" !DE;\2" \D;\2" YG;\2" GZ;D2" G!;\2" E!;K2" D\;\2" DZ;[2" DY;!2"
DY;!2" DG;G2" DE;G2" ![;Z2" BH;E;" IRVL" @WL#A^" m/?" +*6+'" 8%&" TDGIEEbYL/X*j" @VjX*jA^"
G[D;!\Y\;"d%3$'^"G[D;!\H[;"
D[D"
5.42;"1;:;"!KY;KB!K[;H"%T"@TIT6EAP">aT"Rf"p"K;HG"@,(9*$(^(),56"*+()*)(2"G^!AP"#R"@8/61A"
D\HE2"D[HZ2"!ZDD2"!HEK2"!D[Y2"!!KD"+1B!P"!I"XVR"@EKK"VI?2"TOT6EA" "[;EKB[;EE"@12"
DIA2"[;![B[;DD"@12"DIA2"Y;H!"@''2"J"p"[;D2"Y;Y"I?2"!IA2"Y;![BY;D!"@12"!IA2"E;[["@'2"J"p"
!K;G"I?2"!IA2"E;YH"@'2"J"p"!K;G"I?2"!IA2"D;[!BD;!\"@12"!IA2"D;G["@')2"J"p"!G;Z2"D;\"I?2"
!IA2"D;!H"@.2"EIA2"D;KYBD;!H"@12"!IA2"!;\E"@''2"J"p"!G;[2"D;Y"I?2"!IA2"!;H\B!;Y\"@12"!IA2"
!;GDB!;HE"@12"!IA2"!;!GB!;DH"@12"!IA2"K;[["@.2"\IA2"K;KY"@.2"EIA2"K;KG"@.2"EIAP"!ET"XVR"
@ZH"VI?2"TOT6EA" " DKE;Z2" !YG;E2" !HK;[2" !EY;G2" !EH;[2" !E!;\2" !EK;\2" !DE;[2" \K;H2" YG;!2"
GZ;!2" E\;G2" EK;[2" D[;D2" DY;!2" DG;\2" DG;[2" ![;Z2" BH;H2" BH;G;" IRVL" @WL#A^"m/?" +*6+'" 8%&"
TDGIEEbYL/X*j"@VjX*jA^"G[D;!\Y\;"d%3$'^"G[D;!\H\;"
"
"
"
3–(trimethylsilyloxy)but–3–en–2–one (5.43) 
 
Lit;"Ref.^" >*1*&/?2"t;P"l%-(62"<;"Helv;"Chim;"Acta"19812"642"![[B!\Z;"
"
#$" *" 86*1(B'&/('" &%3$'" 7%))%1" 86*.42" D2EB73)*'/%$(" 5.65" @G;EK" -2" G\;\" 11%6A" =*."
'/..%60('"/$">Id"@ZK"1aA;">&/(),56*1/$("@!Y;ZK"1a2"!!\;["11%6A"=*."*''('"'&%:=/.("
8%66%=('"75" 8&(.,65"'/.)/66('" )&/1(),5./656"+,6%&/'(" @Z;YK"1a2"H\;\"11%6A;">,(".%63)/%$"
=*.",(*)('")%"&(8639;"N8)(&"EH",2" /)"=*."8/6)(&('"*$'"+%$+'"3$'(&"&('3+('":&(..3&(;">,("
+%$+($)&*)("=*."'/..%60('"/$"'/(),56"(),(&"@EH"1aA"*$'"=*.,('"=/),"IT6"@E"9"!H"1a2"!"
VA2".*);"*J;"X*ITbE"@D"9"!K"1aA"*$'"7&/$("@D"9"DK"1aA;">,("&(.36)/$-".%63)/%$"=*."'&/('"
%0(&"1*-$(./31".368*)("*$'"+%$+'"3$'(&"vacuo;">,("&(./'3("=*.":3&/8/('"75"'/.)/66*)/%$"
)%"*88%&'"5.43 *."*$"%/6"@K;YE"-2"[cA;"
5.63;"!I"XVR"@EKK"VI?2"TOT6EA" "H;EH"@'2"J"p"!;Z"I?2"!IA2"G;[G"@'2"J"p"!;Z"I?2"!IA2"
D;D\"@.2"EIA2"K;DG"@.2"\IA;"
D[E"
"
"
1–[1–(tert–Butyl–dimethyl–silanyloxymethyl)–2–hydroxy–bicyclo[2.2.2]oct–5–en–2–
yl]–ethanone (5.48) 
 
#$"*"&%3$'"7%))%1"86*.42"$/)&%7($?%*)("5.41"@K;!E"-2"K;D["11%6A"=*."'/..%60('"/$"TIEbI"
@H;YK"1aA;" <%)*../31" +*&7%$*)(" @K;K[" -2" K;HY"11%6A" =*." *''('" *$'" ),(" .%63)/%$"=*."
.)/&&('" *)" &)" 8%&" HK" ,;" >,(" &(*+)/%$" 1/9)3&(" =*." ),($" )*4($" 3:" /$" OTV" @!K" 1aA" *$'"
=*.,('"=/),"IT6"@!"VA;">,("%&-*$/+"6*5(&"=*."),($"'&/('"),("%&-*$/+"6*5(&"%0(&".%'/31"
.368*)(;">,("'&/('"(9)&*+)."=(&("+%$+'"3$'(&"&('3+('":&(..3&("*$'":3&/8/('"),&%3-,"86*.,"
+%631$" +,&%1*)%-&*:,5" 3./$-" HB!Kc" (),56" *+()*)(" /$" ,(9*$(" )%" *88%&'" 5.48" @K;KG" -2"
GGcA"*."*"5(66%="%/6;"
5.48;">aT"Rf"p"K;HD"@,(9*$(^(),56"*+()*)(2"G^!AP"#R"@$(*)A"EG[\2"D\EG2"D[YK2"!ZKZ2"!GZ!2"
!DHH2"[EZ"+1B!P"!I"XVR"@EKK"VI?2"TOT6EA" "Y;G\"@''2"J"p"[;K2"Y;Z"I?2"!IA2"Y;!K"@'2"J"
p"[;D"I?2"!IA2"G;YY" @7&2" .2" !IA2"E;Z\" @'2"J"p"!K;G"I?2"!IA2"E;ZK" @'2"J"p"!K;G"I?2"!IA2"
D;Z!BD;YH" @12" !IA2" D;EY" @.2" EIA2" D;KK" @''2" J" p" !E;!2" !;\"I?2" !IA2" !;ZDB!;HZ" @12" DIA2"
!;EYB!;DG"@12"DIA2"K;\D"@.2"\IA2"K;[!BK;ZK"@12"!IA2"K;!D"@.2"EIA2"K;!K"@.2"EIAP"!ET"XVR"
@ZH"VI?2"TOT6EA" " D!H;K2" !EH;!2" !EE;D2" [H;K2" YZ;Y2" GY;K2" GE;!2" E!;K2" D[;G2" DY;K2" DH;D2"
DE;D2"![;E2"BH;H2"BH;H;"IRVL"@WL#A^"m/?"+*6+'" 8%&"T!ZIEKbEL/X*j" @VjX*jA^"EEE;![HY;"
d%3$'^"EEE;![H!;"
"
1–[5–(tert–Butyl–dimethyl–silanyloxymethyl)–6–hydroxy–3–oxa–
tricyclo[3.2.2.02,4]non–6–yl]–ethanone (5.49 and 5.50) 
"
#$"*"&%3$'"7%))%1"86*.42"*6+%,%6"5.48"@K;KD"-2"K;KY"11%6A"=*."'/..%60('"/$"OTV"@Y"1aA;"
>,(".%63)/%$"=*."+%%6('")%"K"%T"3./$-"*$"/+(eIDb"7*),;"L%'/31"7/+*&7%$*)("@K;KE"-2"K;EK"
11%6A" =*." *''('" )%" ),(" .%63)/%$" 8%66%=('" 75" mBT<MN" @K;KE" -2" K;!D" 11%6A;" >,("
D[G"
&(.36)/$-".3.:($./%$"=*.".)/&&('"+%$)/$3%3.65"*."/)"=*&1('"3:")%"&);"N8)(&"*::&%9/1*)(65"
DH",2"),("&(*+)/%$"1/9)3&("=*."J3($+,('"75"*''/$-".*);"*J;".%'/31"7/+*&7%$*)(".%63)/%$"
@!K"1aA;">,(" .%63)/%$"=*."(9)&*+)('"=/),"(),56" *+()*)(2"'&/('"%0(&" .%'/31".368*)(2" *$'"
+%$+'" 3$'(&" &('3+('" :&(..3&(;" <3&/8/+*)/%$" %8" ),(" &(./'3(" 3./$-" 86*.," +%631$"
+,&%1*)%-&*:,5" =/)," !Kc" (),56" *+()*)(" /$" ,(9*$(" *." (63($)" *88%&'('" /$.(:*&*76("
(:%9/'(."5.49"*$'"5.50"*."*$"%/6;""
5.49 and 5.50;">aT"Rf"p"K;E!"@,(9*$(^(),56"*+()*)(2"\^!AP"!I"XVR"@EKK"VI?2"TOT6EA" "
G;D\"@)2"J"p"Y;["Hz2"!IA2"E;GD"@)2"J"p"G;Z"I?2"!IA2"E;!\"@'2"J p"H;K"I?2"!IA2"D;EYBD;GE"@12"
!IA2"D;D!"@.2"EIA2"!;\D"@''2"J"p"!!;H2"D;Y"I?2"!IA2"!;YHB!;ZY"@12"!IA2"!;H!B!;YK"@12"DIA2"
!;DEB!;D\"@12"DIA2"K;[Z"@.2"\IA2"K;KG"@.2"EIA2"K;KE"@.2"EIA;"
"
"
"
1–[5–(tert–Butyl–dimethyl–silanyloxymethyl)–6–hydroxy–3–oxa–
tricyclo[3.2.2.02,4]non–6–yl]–ethanone (5.50) 
 
#$"*"&%3$'"7%))%1"86*.42"*6+%,%6"5.48"@K;KY"-2"K;!\"11%6A"=*."'/..%60('"/$"OTV"@E"1aA;"
lb@*+*+AD" @K;KKKH" -2" K;KD" 11%6A" =*." *''('" 8%66%=('" 75" tBM3bbI" @K;!\" 1a2" K;\H"
11%62" H;KBY;K"VA;" >,(" &(.36)/$-" 7&/-,)" &('" .%63)/%$" =*." .)/&&('" *)" &)" 8%&" !H" ,;" W),56"
*+()*)(" @!K"1aA"=*." *''('" *$'" ),(" &(*+)/%$"=*." J3($+,('" 75" *''/$-" .*);" *J;" .%'/31"
),/%.368*)(".%63)/%$;">,("%&-*$/+"6*5(&"=*."+%66(+)('"*$'"),("*J3(%3."6*5(&"=*."(9)&*+)('"
),&/+("=/),"(),56"*+()*)(;"N66"%&-*$/+"6*5(&."=(&("+%66(+)('2"+%17/$('2"'&/('"%0(&".%'/31"
.368*)(2"*$'"+%$+'"3$'(&"&('3+('":&(..3&(;">,("&(./'3("=*.":3&/8/('"=/),"./6/+*"+%631$"
+,&%1*)%-&*:,5"3./$-"!Kc"(),56"*+()*)("/$",(9*$(")%"*88%&'"5.50"@K;KE"-2"HKcA"*."*$"%/6; 
5.50;">aT"Rf"p"K;E!"@,(9*$(^(),56"*+()*)(2"\^!AP"#R"@8/61A"EHD[2"D\EG2"D[H\2"!Z!E2"!GYY2"
!EG["+1B!P"!I"XVR"@EKK"VI?2"TOT6EA" "E;GD"@)2"J"p"G;Z"I?A2"E;!\"@'2"J p"H;K"I?A2"D;EYB
D;GE"@12"!IA2"D;D!"@.2"EIA2"!;\D"@''2"J"p"!!;H2"D;Y"I?2"!IA2"!;YHB!;ZY"@12"!IA2"!;H!B!;YK"
@12"DIA2"!;DEB!;D\"@12"DIA2"K;[Z"@.2"\IA2"K;KG"@.2"EIA2"K;KE"@.2"EIAP"!ET"XVR"@ZH"VI?2"
TOT6EA" "D!D;\2"[K;G2"YG;[2"HG;Z2"HE;[2"GY;K2"GK;D2"D\;Z2"D[;[2"DY;!2"DD;Z2"D!;Y2"![;\2"BH;G2"
BH;G;"IRVL"@WL#A^"m/?"+*6+'"8%&"T!ZIEKbGL/X*j"@VjX*jA^"EG\;![KY;"d%3$'^"EG\;!Z\\;"
D[H"
"
"
1–(1–Hydroxymethyl–2–triisopropylsilanyloxy–bicyclo[2.2.2]oct–5–en–2–yl)–
ethanone"(5.63 and 5.64)"
"
N6+%,%6" 5.63" @K;ZG" -2" Y;Z!" 11%6A" *$'" '/($%:,/6(" 5.62" @K;ZG" -2" E;KH" 11%6A" =(&("
'/..%60('"/$")%63($("@G;KK"1aA"/$"*":&(..3&(")37(;">,("&(*+)/%$"1/9)3&("=*.":3&-('"=/),"
*&-%$"*$'",(*)('")%"![K"%T;"N8)(&"*::&%9/1*)(65"!Z",2"),("&(*+)/%$"1/9)3&("=*."+%%6('"*)"
&)" *$'" /)" =*." :3&/8/('" ),&%3-," 86*.," +%631$" +,&%1*)%-&*:,5" 3./$-" !HBDKBEKc" (),56"
*+()*)("/$",(9*$("*."(63($)")%"*88%&'"5.63"*$'"5.64"@K;!Y"-2"!HcA"*."*"5(66%="%/6;"
5.63 and"5.64;">aT"Rf" p" K;GE" @,(9*$(^(),56" *+()*)(2" \^!AP" #R" @8/61A"EGEH2" D\GG2" D[YY2"
!ZK\2" !GYH" +1B!P" !I" XVR" @EKK" VI?2" TOT6EA" " Y;EZBY;GG" @12" !IA2" Y;DYBY;D[" @12"
!IA(9%2"Y;DD"@''2"J"p"[;!2"K;["I?2"!IA('%2"E;Y[BE;[G"@12"DIA2"E;HH"@''2"J"p"!!;K2"E;H"I?2"
!IA($'%2"E;EZ" @''2"J"p"[;!2"D;K"I?2"!IA(9%2"D;ZEBD;[K" @12"!IA($'%2"D;YEBD;Y[" @12"!IA(9%2"
D;G[" @''2" J" p" !E;E2" D;G" I?2" !IA(9%2" D;GD" @.2" EIA(9%2" D;!\" @'''2" J" p" !D;Y2" \;Z2" E;G" I?2"
!IA($'%2"D;!H"@.2"EIA($'%2"D;KG"@')2"J"p"!E;H2"D;\"I?2"!IA($'%2"!;\!"@''2"J"p"!K;[2"Y;Z"I?2"
!IA($'%2"!;ZGB!;[G"@12"!IA2"!;H["@''2"J"p"!E;H2"D;Y"I?2"!IA($'%2"!;EGB!;GH"@12"DIA2"!;!!B
!;D\" @12" YIA2" !;KDB!;KY" @12" EDIA2" K;ZYBK;\!" @12" DIAP" !ET"XVR" @ZH"VI?2"TOT6EA" "
D!!;!2"!EH;E2"!EG;[2"!EG;!2"!EE;Z2"[Y;E2"YZ;K2"YH;K2"G[;G2"GY;Z2"GE;E2"G!;[2"E!;D2"E!;K2"D\;K2"
D[;[2" DH;!2" DG;H2" DG;G2" DE;\2" !\;!2" !\;!2" ![;Z2" !G;Y;" IRVL" @WL#A^" m/?" +*6+'" 8%&"
TDKIEYbEL/X*j"@VjX*jA^"EZH;DEDY;"d%3$'^"EZH;DEDD;"
"
"
"
3–Triisopropylsilanyloxy–but–3–en–2–one (5.62) 
"
Lit;"Ref.^" >*1*&/?2"t;P"l%-(62"<;"Helv;"Chim;"Acta"19812"642"![[B!\Z;""
"
#$" *" 86*1(B'&/('" &%3$'" 7%))%1" 86*.42" D2EB73)*'/%$(" 5.65" @!;!H" -2" !E;G" 11%6A" =*."
'/..%60('" /$" >Id" @DZ" 1aA;" >,(" &(.36)/$-" 5(66%=" .%63)/%$" =*." +%%6('" *)" K" %T;"
D[Y"
>&/(),56*1/$(" @D;\[" 1a2" D!;G" 11%6A" =*." *''('" /$" *" '&%:=/.(" 1*$$(&" *$'" *8)(&"
*::&%9/1*)(65"!K"1/$;2")&//.%:&%:56./656)&/"3%&%1(),*$(.368%$*)("@D;G!"1a2"[;\E"11%6A"
=*." *''(';">,(" &(*+)/%$"=*." *66%=('" )%"=*&1" )%" &)" *$'" .)/&&('" 8%&" DK" ,;">,(" &(*+)/%$"
1/9)3&("=*."),($"+%$+'"3$'(&"vacuo;">,("&(./'3("=*."'/..%60('"/$"'/(),56"(),(&"*$'"=*."
=*.,('"=/),"IT6"@!"VA;">,("*J3(%3."6*5(&"=*."(9)&*+)('"),&/+("=/),"'/(),56"(),(&"*$'"*66"
%&-*$/+"6*5(&."=(&("+%66(+)('2"+%17/$('2"'&/('"%0(&"1*-$(./31".368*)(2"*$'"+%$+'"3$'(&"
&('3+('":&(..3&(;"<3&/8/+*)/%$"%8"),("&(./'3("),&%3-,"86*.,"+%631$"+,&%1*)%-&*:,5"=/),"
HB!KBDK"c"(),56"*+()*)("/$",(9*$("*."(63($)"*88%&'('"5.62"*"+%6%&6(.."%/6"@!;KE"-2"GZcA;"
5.62;">aT"Rf"p"K;H!"@,(9*$(^(),56"*+()*)(2"\D^[AP"#R"@$(*)A"D\\!2"D[GY2"!Y\Z2"!YK\2"!!HK2"
!K!Z"+1B!P"!I"XVR"@EKK"VI?2"TOT6EA" "H;E!"@'2"J"p"!;Y"I?2"!IA2"G;YZ"@'2"J"p"!;Y"I?2"
!IA2" D;ED" @.2" EIA2" !;![B!;EK" @12" EIA2" !;!K" @'2"J" p" Y;["I?2" ![IAP" !ET"XVR" @ZH"VI?2"
TOT6EA" "!\Z;E2"!HG;Y2"\\;E2"DY;G2"![;!2"!D;[;"IRVL"@WL#A^"1e?"+*6+'"8%&"T!EIDYbDL/X*j"
@VjX*jA^"DYH;!H\G;"d%3$'^"DYH;!H\G;"
"
"
"
2,3–Bis–triisopropylsilanyloxy–buta–1,3–diene (5.71) 
 
Lit;"Ref.^" >*1*&/?2"t;P"l%-(62"<;"Helv;"Chim;"Acta"19812"642"![[B!\Z;"
"
#$" *" 86*1(B'&/('" &%3$'" 7%))%1" 86*.42" D2EB73)*'/%$(" 5.65" @K;DH" 1a2" D;\" 11%6A" =*."
'/..%60('" /$" >Id" @\;Y" 1aA;" W)EX" @K;YH" 1a2" G;YE" 1aA" =*." *''('" )%" &(.36)/$-" 5(66%="
.%63)/%$" *$'" ),(" &(*+)/%$" 1/9)3&(" =*." +%%6('" )%" K" %T;"
>&//.%:&%:56./656)&/"3%&%1(),*$(.368%$*)("@K;H\"-2"!;\E"11%6A"=*."*''('"/$"*"'&%:=/.("
8*.,/%$;">,("&(*+)/%$"1/9)3&("=*."*66%=('")%"=*&1")%"&)"*$'".)/&&('"8%&"DH",;">,("&(*+)/%$"
=*." J3($+,('" 75" *''/$-" .*);" *J;" *11%$/31" +,6%&/'(" .%63)/%$;" >,(" J3($+,('" &(*+)/%$"
1/9)3&(" =*." (9)&*+)('" =/)," OTV" @E" 9" !K" 1aA;" >,(" %&-*$/+" 6*5(&." =(&(" +%66(+)('2"
+%17/$('2"'&/('"%0(&".%'/31".368*)(2"*$'"+%$+'"3$'(&"&('3+('":&(..3&(;"<3&/8/+*)/%$"75"
86*.," +%631$" +,&%1*)%-&*:,5" 3./$-" KB!Kc" (),56" *+()*)(" /$" ,(9*$(" *." (63($)" :&%0/'('"
'/($("5.71"@K;!K"-2"!ZcA;"
D[Z"
5.71;"1;:;"p"GH;\BGZ;D"%T"@TIT6EAP">aT"Rf"p"K;\K"@,(9*$(^(),56"*+()*)(2"\H^HAP"#R"@8/61A"
D\GY2"D[Y\2"D[\G2"!H\K2"!GYH"+1B!P"!I"XVR"@EKK"VI?2"TOT6EA" "G;\K"@.2"DIA2"G;E!"@.2"
DIA2"!;![B!;EE"@12"YIA2"!;!!"@'2"J"p"Y;Z"I?2"EYIAP"!ET"XVR"@ZH"VI?2"TOT6EA" "!HE;H2"
\!;!2"![;E2"!E;K;"IRVL"@WL#A^"m/?"+*6+'"8%&"TDDIGYbDL/DX*j"@VjX*jA^"GD!;D\D\;"d%3$'^"
GD!;D\DE;"
"
"
6–Acetyl–6–triisopropylsilanyloxy–bicyclo[2.2.2]oct–2–ene–1–carbaldehyde (5.66 
and 5.67) 
 
<TT"@K;DK"-2"K;\!"11%6A"*$'"./6/+*"-(6" @K;DK"-A"=(&("+%17/$('"*$'":6*+('" /$"*" 86*1("
'&/('"HK"1a"&%3$'"7%))%1"86*.4;"N".%63)/%$"%8"*6+%,%6"5.58"*$'"5.59"@K;!Y"-2"K;GH"11%6A"
/$"OTV"@G;HK"1aA"=*."*''('"'&%:=/.(")%"),(".3.:($./%$;">,("&(.36)/$-".3.:($./%$"=*."
+%$)/$3%3.65".)/&&('"*)"&)"8%&"G",;">,("&(*+)/%$"=*."8/6)(&('"),&%3-,"./6/+*"-(6"3./$-"OTV"
*." (63($)" *$'" :3&/8/('" ),&%3-," ./6/+*" -(6" +,&%1*)%-&*:,5" 3./$-" Yc" (),56" *+()*)(" /$"
,(9*$(")%"*88%&'"*6'(,5'(."5.60"*$'"5.61"@K;!E"-2"[!c"@G;!^!AA"*."*"+6(*&"%/6;"
5.60;">aT"Rf"p"K;GY"@,(9*$(^(),56"*+()*)(2"\^!AP"#R"@8/61A"EKHK2"D\YZ2"D[Y[2"DZ![2"!Z!Y2"
!GYG"+1B!P"!I"XVR"@EKK"VI?2"TOT6EA" "!K;K!"@'2"J"p"K;["I?2"!IA2"Y;EDBY;GK"@12"DIA2"
D;ZHBD;[D"@12"!IA2"D;YK"@'''2"J"p"!D;E2"\;Z2"G;H"I?2"!IA2"D;G!"@'''2"J"p"!E;G2"E;\2"E;K"I?2"
!IA2"D;K["@.2"EIA2"!;[KB!;\K"@12"!IA2"!;H!"@''2"J"p"!E;!2"D;!"I?2"!IA2"!;EHB!;GH"@12"!IA2"
K;\\B!;!E"@12"DDIAP"!ET"XVR"@ZH"VI?2"TOT6EA" "DKZ;!2"DKE;H2"!EY;E2"!DZ;H2"[Y;H2"HH;[2"
E[;E2" E!;!2" DZ;Y2" DY;K2" DD;H2" ![;Z2" !E;Z;" IRVL" @WL#A^" m/?" +*6+'" 8%&" TDKIEGbEL/X*j"
@VjX*jA^"EZE;D!Y\;"d%3$'^"EZE;D!YZ;"
5.61. >aT"@,(9*$(^(),56"*+()*)(2"\^!A"Rf"p"K;HE;"#R"@8/61A^"D\GG2"D[YY2"DZ![2"!ZDD2"!GYE2"
!!ZY"+1B!;"!I"XVR"@EKK"VI?2"TOT6EA^" "!K;DH"@.2"!IA2"Y;HG"@''2"J"p"[;D2"Y;Y"I?2"!IA2"
Y;E[BY;EH" @12" !IA2" D;[KBD;ZE" @12" !IA2" D;YH" @''2" J" p" !E;K2" D;Z"I?2" !IA2" D;DD" @.2" EIA2"
!;YEB!;HG" @12" !IA2" !;HD" @12" !IA2" !;EG" @')2" J" p" !E;K2" D;\" I?2" !IA2!;DYB!;!Y" @12" !IA2"
!;!EB!;KD" @12" DDIA;" !ET"XVR" @ZH"VI?2" TOT6EA^" " D!K;!2" DKH;!2" !EY;!2" !D[;Z2" [\;D2"
D[["
HY;\2" G!;G2" E!;H2" DZ;G2" DD;G2" DD;D2" ![;Y2" !E;Z;" @WL#A^" m/?" +*6+'" 8%&" TDKIEGbEL/X*j"
@VjX*jA^"EZE;D!Y\;"d%3$'^"EZE;D!YZ;"
"
 
"
2–Acetyl–2–triisopropylsilanyloxy–bicyclo[2.2.2]octane–1–carbaldehyde (5.68) 
 
<*66*'/31"%$"+*&7%$"@K;K!"-2"K;KZ"11%62"!Kc"%$"TA"=*."*''('")%"*".%63)/%$"%8"*64($(."
5.66 *$'"5.67"@K;!E"-2"K;EZ"11%6A"/$"*7.%63)("W)bI"@G;H"1aA;">,("&(*+)/%$"1/9)3&("=*."
.)/&&('" +%$)/$3%3.65" *)" &)" 3$'(&" ID" *)1%.:,(&(;" N8)(&" D" ,2" ),(" &(*+)/%$" 1/9)3&(" =*."
8/6)(&('" ),&%3-," +(6/)(;" >,(" 8/6)&*)("=*." +%$+'" 3$'(&" &('3+('" :&(..3&(" )%" *88%&'" *64*$("
5.68"@K;KE"-2"DEcA"*."*$"%/6;"
5.68;">aT"Rf"p"K;E["@,(9*$(^(),56"*+()*)(2"\^!AP"#R"@$(*)A"D\Y\2"D[YY2"DZDH2"!Z!G2"!!HE2"
!KDG"+1B! !I"XVR"@EKK"VI?2"TOT6EA" !K;KY"@.2"!IA2"D;ZY"@'''2"J"p"!E;H2"G;K2"D;Y"I?2"
!IA2"D;EHBD;GZ" @12"!IA2"D;!K" @.2"EIA2"!;[H" @12"!IA2"!;Y\B!;ZZ" @12"!IA2"!;E\B!;HH" @12"
HIA2"!;!ZB!;D\"@12"DIA2"!;KEB!;!K"@12"D!IAP"!ET"XVR"@ZH"VI?2"TOT6EA" "DK[;[2"DKY;\2"
[H;H2" G\;Y2" EZ;D2" DY;H2" DH;H2" DH;K2" DE;!2" DD;D2" D!;H2" ![;Y2" ![;H2" !E;Z;"IRVL" @WL#A^"m/?"
+*6+'"8%&"TDKIEYbEL/X*j"@VjX*jA^"EZH;DEDY;"d%3$'^"EZH;DE!\;"
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1H AND 13C NMR SPECTRA SUPPLEMENT TO CHAPTER 2 
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